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‘Professor Leeds then showed the Society an easy / 

method for / 

The Detection of Minute Traces of Water in Alcohol. | 
Anthraquinone is mot only converted into 


hydroanthraquinone by zinc dust and caustic soda, but e - 

also by treatment with sodium amalgam. When the z = 

hydroanthraquinone so formed is brought into contact - 

with water, there is formed a clear, dark red solution ciel, ile 

of sodium hydroanthraquinone.’ = 
rls soa 


Just a minute trace... 


Industrially as well as scientifically, the determination 
of traces of water has acquired much greater significance 
than it had in 1879, when this paragraph appeared in 
the first volume of the Journal of the American 
Chemical Society. The preferred method of moisture 
determination to-day is that developed by Karl Fischer. 
B.D.H. has devised simplified methods for its appli- 
cation and supplies prepared reagents ready for use. 

A booklet on the method may be obtained on request. aga 
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Heat-sensitive materials which have to be ‘iS 
dried for prolonged preservation or the . 
moisture content are partially or completely 
degraded when dried under atmospheric 
conditions. 

EDWARDS have in production and under 
development a range of vacuum and freeze 
drying units, for research and production 
purposes, specially designed for rapid dry- 
ing without destruction. A very wide 
range of materials and liquids from food- 4, \@ 
stuffs and vaccines and serum can be \ 3 
accommodated in these units which incor- 3 
porate many unique control devices for 
simple operation by semi-skilled operators. 


SEND FOR FULL DETAILS 


W.EDWARDS <2 pp sayrer 000°" 7% 


CO. (LONDON) LTO 


: 
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Illustrated is a typical centrifuga! freeze 
dryer for bench use, a complete self- 
contained unit which accommodates 
approximateiy 36 ampoules of varying 
capacities. Production models available. 
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THE PROGRES 


NO NEW TECHNOLOGICAL UNIVERSITY 


The Lord President of the Council, Lord Salisbury, 
announced during a debate in December the Govern- 
ment’s decision on the expansion of higher technological 
education. Since this is now the last word on the 
subject we make no apology for quoting verbatim the 
statement he made. The crux of the matter was 
expressed in Lord Salisbury’s sentence: “To meet foreign 
competition we must improve our own skill through 
technological education.” In this context he then 
referred to the valuable and far-sighted advice of the 
University Grants Committee and their technological 
sub-committee. 
Lord Salisbury then continued with these words: 


Our plans provide for the massive expansion of the 
Imperial College at South Kensington. They provide for 
major developments at Glasgow, Manchester, Leeds, Bir- 
mingham. They include developments on a fairly large scale 
at Cambridge and Sheffield, and specialised developments at 
other centres in the country including, as my right honourable 
irlend was asked by Welsh Members of Parliament, the 
Principality. Some of them are financed by industry and 
some by Treasury grant. The more notable are at Edin- 
ourgh, Newcastle. Southampton, Nottingham and Swansea. 

We are trying to steer an effective middle course between 
excessive centralisation and an undue dispersal of resources, 
and we are concentrating our efforts on institutions which 
are already receiving Treasury grants. In our view. higher 
technological education must be closely linked with other 
university studies. We must make sure that those who are 
studying technology should work closely with those who 
are occupied with the more fundamental problems of science 
and with its application in other fields. 

It is increasingly realised—in America and on the Con- 
tinent as well as here—that the men who are to hold posi- 
tions of the highest responsibility in industry need a broader 
education than could be given in institutions devoted entirely 
(0 technology or even to science. The problems of industry 
are problems of human relations, as well as of science, and 
i training for industry the humanities have an important 
Part to play. Where there is a technological institution and 
4 university at the same place and in association together— 
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as of course at London, at Glasgow and at Manchester— 
this linking of studies can be achieved. But if new univer- 
sities were to be established in other centres by up-grading 
technical colleges, it would be necessary to provide them 
also in addition with departments for pure science and arts 
—-a burden in terms of teachers, buildings and money which 
we could not afford. 

So we make the best progress by building on what is 
already there, and by linking the technological development 
as closely as possible with existing university institutions 
rather than by starting entirely new technological institu- 
tions. We also seek close association between the universities 
and industry in this field. My right honourable friend 
[throughout his speech this was Lord Salisbury’s phrase for 
“the Minister of Education”] has been encouraged to hear 
recently of the founding of new Chairs in technological sub- 
jects with funds raised from industry in the Universities of 
Durham, Edinburgh, Nottingham and Wales, and in many 
other torms industry gives valuable financial support. 

The universities, for their part, are becoming more quickly 
responsive to industrial needs; for example, by designing 
post-graduate courses to meet particular local requirements 
of industry; and by asking industry to help with instruction. 

Now for the financial figures. First let me mention recur- 
| . laboratory running costs, 
and so on. About one-eighth of the total recurrent grants to 
the universities are used for technology—in a narrow sense 
of the term; that is, about £3 million a year. We are now 
making additional recurrent grants for technology of 
£196.000 for the academic year which has just begun. 
£404,000 for the next year and £704,000 for the academic 
year 1956-7. In the next two years there will thus be a 
growth of recurrent expenditure of something like 25°, in 
special extra grants alone, in addition, of course, to the extra 
cost of salaries which I announced last month. 

For building and equipment, the capital expenditure and 
liabilities against public funds which have already been in- 
curred in recent years—again on a very narrow definition of 
technology, excluding all pure science—amount to about 
£10 million, including the work now in progress at Imperial 
College, at the Royal Technical College at Glasgow and the 
Manchester College of Technology. This includes a number 
of projects which my right honourable friend authorised 
last July. 

My right honourable friend has just authorised further 
buildings of £1 million in addition to the normal university 
building programme to be started in the financial year 
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1955-6. and he will be prepared to consider for starts in the 
following year other technological projects included in the 
University Grants Committee’s plans for developments 
beginning in the quinquennium. 


On the expansion of Imperial College, Lord Salisbury 
cited in extenso a statement on this subject made pre- 
viously in the House of Commons. According to this 
statement, building work is already in progress on the 
northern part of the site in South Kensington to the 
extent of about £1,200,000 including equipment; further 
progress awaits the release of other parts of the site 
from their existing use. (Some London University activi- 
ties, such as the Warburg Institute, will be transferred 
to Bloomsbury, when new buildings that have already 
been authorised have been completed. Some museum 
collections will also be moved into new premises to 
make room for Imperial College.) Lord Salisbury said 
that the total capital cost of the Imperial College project 
over a period of ten or more years may well be of the 
order of £15 million. 

Lord Salisbury went on to examine some of the points 
which had been made in the debate and elsewhere. He 
said he was aware of the tendency for post-graduate 
courses to be filled by overseas students, but thought the 
responsibility was partly that of industry which should 
release suitable men. He did not face the point that 
grants for research immediately after graduation are 
now so reduced in value as to be far below what 
industry can offer to a new graduate. 

He made some sensible remarks about technical col- 
leges, which he thought had been unduly decried. They 
provided the education of those who came up the hard 
way, from the ranks of industry. Many provided full- 
time courses for degrees and professional examinations 
but their main value and purpose lay in part-time work. 
The number of Higher National Certificates awarded 
had risen from 1000 in 1938 to 5000 in 1951 and 7000 
in 1953. Post-graduate courses had risen from almost 
nothing pre-war to 700 in 19533. 

These figures are quite surprising. The Higher National 
approaches the level of a first degree and exempts from 
the greater part of the corresponding examinations of 
the professional institutions. Since it requires three years 
of part-time study after the ordinary National Cer- 
tificate, over 20,000 students must be in the pipeline 
compared with 5000 State scholars in the universities 
following scientific courses. These figures, if correct, 
place in a new perspective the comparisons made with 
the numbers of technological students in American 
universities. There may be some discrepancy in the 
figures. Lord Cherwell put a figure of 11,000 on the 
number of technological students in our universities and 
compared these with an annual output of engineering 
graduates in Russia of 54,000 compared with 28,000 in 
the United States. 

What seems to have happened unobserved over the 
past few years in this country is the approximation of 
the technical colleges to the American State university. 
Only where the American student studies during the day 
and supports himself by evening work, the British 
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student works during the day and goes to night school. 
It the National Certificate scheme has gone as well as 
the Government claim, it is difficult to understand the 
persistent attempts to frame a diploma in technology 
which would merely cut across a workable scheme which 
has been accepted as a step to professional qualification. 
Lord Falmouth had a comment on this: 


The question of degrees or awards has been mentioned in 
the Report. I have carefully considered this problem again. 
1 do not think that we want any more awards. We already 
have the awards given by the universities. We have the 
National Certificate; we have the Higher National Certificate, 
and we have the National Diploma, which is particularly 
looked after by the technical institutions. In addition, we 
have the associate membership of the great technical institu- 
tions which its, in itself. an award of a very high character. 
Apart trom that. there is also the City and Guilds Institute. 
which gives awards covering a very wide field in all sorts 
ot technologies. So it seems to me that it would be redun- 
dant tor us to have the additional award which some people 
seem to think we should have. It would be complicated. 
When we talk about national awards of that kind, we are 
apt to torget the immense amount of complication and diffi- 
culty involved, and the high-grade people’s time that is taken 
up behind the scenes, in setting and marking the examina- 
tion papers. That is a terrific business. I hope that we shall 
not occupy the time of our leading technical professors, 
scientists and what-not any more than we do today in 
marking examination papers. 


It was most unfortunate that no worth-while contribu- 
tion came from a Labour peer. The bottom was touched 
by Lord Silkin who thought a technologist was a person 
who went in for science with a view to applying it in 
industry and who attained the lowest degree of the first 
rank. He said he did not want to be offensive to any 
particular university, but a pass degree of London 
University could not possibly be compared with an 
honours degree of one of the older universities. The 
standard was possibly one of first year, and a student 
obtained a pass degree at London University on the 
equivalent of one years study at one of the older 
universities. 

The Government policy probably represents the maxi- 
mum which can be done with the resources, material 
and tutorial, available. A technical college building pro- 
gramme running at £5 million a year is also very con- 
siderable. The problems which remain to be solved are 
those of the supply of science masters in the schools, 
and what is probably related, the low standards of a 
proportion of university entrants and a high wastage at 
the end of the first year. 

Until these are in sight of solution, it is doubtful if 
much can be done about the early leavers from grammar 
schools. The Association of Scientific Workers examined 
this in a recent memorandum (entitled Report on the 
Supply of Students from Secondary Grammar Schools 
for Higher Technological and Scientific Education) and 
many of the conclusions are confirmed in a recent report 
on “Early Leaving” from the Central Advisory Com- 
mittee for Education, published by the Stationery Office. 
It considers about 4000 a year of the early leavers could 
profitably have pursued advanced studies in mathe- 
matics and science. It is this group which could be aided 
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if industry put more effort into revising apprentice- 
ship schemes to fit them into the system of national 
certificates and provided the incentive by recognising 
qualifications gained in this way. 

SCIENTIFIC ASPECTS OF FUEL EFFICIENCY 
Britain, Sir Ben Lockspeiser once said, is the champion 
coal-waster in Europe. A considerable body of evidence 
which supports that comment was given recently in an 
analysis of the efficiency of coal utilisation in British 
industry which Mr. K. T. Spencer, Chief Scientist of 
the Ministry of Fuel and Power, presented to a 
conference on Research and Industrial Productivity 
organised by the Department of Scientific and Industrial 
Research and held in London. 

Mr. Spencer emphasised the fact that coal is still 
Britain’s main source of fuel, and must remain so until 
Atomic Power is developed on a scale sufficient to make 
an appreciable contribution to industry's ever-increasing 
demands for more and more energy. The part played 
by coal, and the consequent seriousness of any wide- 
spread avoidable wastage, can be seen from the fact that 
Britain's consumption of coal per head of population is 
around 4:2tons per head per year, as against a 
petroleum consumption equivalent to 0:5 ton per head 
of population per year, and an energy contribution from 
hydro-electric power equivalent to 0-02 ton of coal per 
head of population, or about | million tons of coal a 
year. 

In 1954 Britain produced 223,800,000 tons of coal, 
213,500,000 of which came from the deep mines and 
the remainder from opencast coal workings. 

During the same period Britain consumed 213,500,000 
tons of coal and exported or used for ship bunkering 
a further 16 million tons. The difference between 
consumption plus exports and bunkering, and pro- 
duction had to be made good by withdrawing nearly 
2 million tons of coal from the stocks held over from 
1953 and by importing nearly 3 million tons of coal 
from abroad. This deficit will, Mr. Spencer points out, 
certainly increase as manufactured goods have to be 
exported in ever-increasing quantities in the face of 
growing competition from more recently industrialised 
countries, unless some method of plugging the gap can 
be found. The direness of the situation is well known 
and, as Mr. Spencer said, “within the next decade the 
gap between supply and demand could increase to the 
order of 20 million tons per annum”. Nuclear energy is 
not likely to develop to a stage when it can plug so large 
a gap as this within the same period. There are only 
three possible ways of filling it: either coal production 
must be increased, or more petroleum or coal must be 
imported, or the coal Britain has must be used more 
efficiently. 

There seems to be little hope of achieving success by 
increasing production. Coal is becoming more difficult 
0 win each year and the annual production has 
remained more or less static at a figure a little above 
the 200 million tons per year mark, despite the con- 
siderable expenditure on mechanisation during the last 
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seven years. During this period the number of loco- 
motives used underground has been increased from 125 
to 468 and 82% of the coal is now mechanically cut and 
88°, mechanically conveyed. On the other hand any 
large increase in the amount of fuel imported would 
make it difficult for Britain to maintain the balance of 
exports of goods over imports. Under such conditions 
the occurrence of any large amount of wastage of coal 
due to inefficient fires, boilers or engines is a matter of 
national importance. 

The inefficiency of the average domestic coal-burning 
hearth is well known, but while great savings could 
undoubtedly be made by their improvement, or by the 
increased utilisation of other means of domestic heating, 
the consumption of coal by the domestic user only 
accounts for a little over 15% of Britain’s coal consump- 
tion (in 1953 it was about 33 million tons). The con- 
sumption of coal by industry is considerably greater 
and is currently of the order of around 60 million tons 
per annum. Mr. Spencer's statement that “in some 
branches of coal combustion or heat utilisation (in 
industry), little progress has been made since 1871” is 
therefore a matter for concern. While several industries 
have indeed, as he pointed out, made conspicuous 
progress in fuel efficiency, the evidence in the case of 
many industries certainly seems to support the statement 
just quoted. 

The railways, for example, use 14 million tons of coal 
per year. Yet while present-day locomotive boilers have 
an average efficiency, according to Mr. Spencer, of the 
order of 80%, the average overall thermal efficiency 
achieved by a modern express locomotive on daily long 
runs is between 6% and 7%, while that of a shunting 
engine is under 3°. Indeed, Mr. Spencer suggests the 
combined average overall thermal efficiency of British 
Railways steam locomotives “is probably under 5 per 
cent’. For comparison, steam locomotives using 
Stephenson's link motion invented between 1840 and 
1845 (which enabled steam to be expanded in the engine 
cylinders) were already achieving thermal efficiencies of 
the order of 34° under test conditions more than a 
hundred years ago! Under similar test conditions certain 
British Railways locomotives can achieve thermal 
efficiencies of 10° to 12%, under optimum speed and 
power conditions. Although the efficiency of locomotive 
boilers has increased from 45% to 80% during the 
period 1845 to 1953, the performance of the engine of 
the steam locomotive still remains very low and has 
shown little improvement in efficiency during the same 
period. 

One of the largest industrial consumers of coal is the 
iron and steel industry which in 1953 used 7:4 million 
tons of coal. In addition some 26 million tons of coal 
was carbonised in coke ovens in 1953 to produce coke 
for use in blast furnaces. The iron and steel industry 
also used about | million tons of oil. On the steel- 
making side of this industry there has been a marked 
reduction in the amount of fuel consumed to make each 
ton of steel, largely owing to the use of a higher pro- 
portion of hot metal in the steel-making process (instead 
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of all cold metal which required more heating); yet even 
here, Mr. Spencer suggests the efficiency of fuel utilisa- 
tion could be improved. Even the best open-hearth 
steel-making practice corresponded, he declared, to “a 
thermal efficiency of only 22 per cent’, while theoretical 
thermal efficiencies of 50° and 70% had been suggested 
for alternative processes. 

These are, however, theoretical criticisms and the iron 
and steel industry is remarkably efficient. 

A very different picture is presented by a survey of 
steam and power usage in the 4600 industrial and com- 
mercial establishments in Britain which use more than 
2000 tons per year, carried out by the Ministry of Fuel 
and Power in 1952. More than half the boilers in these 
establishments, which together consume more _ than 
24 million tons of coal a year, were found to be of the 
less efficient ‘Lancashire’ or shell-type boiler. The 
overall thermal efficiency of these boilers even when 
new and of modern design, is of the order of 65% to 
75%, aS compared with the overall thermal efficiencies 
of from 85% to 95% which can be obtained with water 
tube boilers, where the water, instead of being heated 
in bulk, is passed in small streams through the heating 
area inside a multitude of small tubes. These more 
efficient water tube boilers which were first introduced 
just Over seventy years ago were found in only one- 
third of the establishments visited. 

About half of all the boilers used in the 4600 estab- 
lishments were found to be more than thirty years old 
and about a quarter of them were over forty years old. 
Indeed, in the case of the cotton industry, three-quarters 
of all the boilers were found to exceed the latter age. 
All these factors are reflected in the fact that the average 
efficiency of steam-raising of all the boilers in the 4600 
cStablishments surveyed, was only 61%, while the 
average evaporation ratio was found to be less than that 
of a boiler of the ‘Lancashire’ type which was tested in 
1874! Here again there is room for a considerable 
saving of coal. 

On an average, 7° of the cost of any product repre- 
sents the cost of the fuel, but the actual proportion of 
the cost accounted for by the fuel used varies greatly 
from industry to industry. It may be as high as 44-8°% as 
in the case of pig iron, or 30-4°% in the case of cement: 
or it may be as low as 2:3% as in the case of cotton, 
or 1-4% in the case of motor vehicles and bicycles. 

Mr. Spencer's tables indicate that the amount of any 
one product that any particular ton of coal may produce 
is, however, nearly as variable. If it was used in one 
brewery it might produce 184 barrels of beer, whereas 
in another it might produce 112 barrels. In the case of 
one brickworks it might yield 44-7 tons of bricks by 
One process, whereas it would only yield 4:8 tons of 
bricks in another brickworks using the same process. 

Again, this ton of coal might efficiently dry 224 tons 
of grain if it was sent to one granary, or only 5-6 if it 
was sent to another granary; or it might provide the 
energy for the rolling and re-rolling of 15 tons of iron 
and steel ingot in one iron and steel plant, or only a 
single ton in another plant. 
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In every case the national average production of 
goods or work from one ton of coal is far nearer to 
the lower figures than it is to the higher. Mr. Spencer 
estimated that about 200,000 tons of coal per year 
could be saved in the brewing industry alone by the 
common adoption of a few simple improvements. 
Certainly such a widespread variation in production 
for each ton of coal consumed to produce the same 
result in terms of work or saleable goods must repre- 
sent a wastage of several million tons of coal. 


U.K.-NEW ZEALAND HEAVY WATER PLANT 


Work on the construction of the plant for manufac- 
turing heavy water from the hot steam produced by the 
geothermal springs at Wairakei, North Island, New 
Zealand, is expected to commence in the next six or 
seven months. This plant, which is scheduled to be in 
production by 1958, will be, it is reported, comparable 
in size to a modern oil refinery. 

A distillation process will be used at Wairakei to 
manufacture the heavy water in place of the electro- 
lytic process at present used in Norway and the United 
States. A heavy water production plant of this type 
was built in the United States in which steam produced 
by ordinary boilers was used, but it was later abandoned 
in favour of a plant using the electrolytic process owing 
to the greater cheapness of the electrolytic hydrogen. 

The Wairakei process will, however, reverse this posi- 
tion and produce heavy water at a considerably cheaper 
cost than that of £75,000 per ton—the cost of heavy 
water produced by the electrolytic process. This reversal 
of the wartime position is due in part to the use of the 
naturally heated steam, and in part to the development 
of a special highly efficient form of distillation column 
packing by scientists of the Chemical Engineering 
Division of the Atomic Energy Research Establishment 
at Harwell. This new form of packing is expected to be 
of considerable use in increasing the efficiency of dis- 
tillation processes in a number of industries. 

A 40,000-kilowatt conventional electricity generating 
plant which will also utilise the hot steam from the 
geothermal springs is also to be constructed at Wairakeli 
as part of the project. The project will be run by a joint 
United Kingdom-New Zealand Government company, 
with a reported capital of £10 million, £6 million of 
which will be contributed by Britain and £4 million by 
the New Zealand Government. The advantage of using 
heavy water in place of graphite as a moderator in 
atomic piles lies in the fact that higher neutron fluxes 
can be obtained in atomic piles in which heavy water 
is used. Such can also be of smaller size and are simpler 
to construct. 


THE COST OF NUCLEAR POWER 


One of the most active publicists which the Atomic 
Energy Authority possesses is not a professional publi- 
cist but one of its top technical experts—Sir Christopher 
Hinton. Last month, for instance, he visited Thurso 
and gave a most effective talk that was calculated to 
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(4bvve) An artist's impression of what the atomic power station at Dounreay will look like when the first of its 
atomic power reactors has been completed. Conspicuous is the 150-ft. diameter steel sphere which will 
contain the reactor. In the words of The Times, Dounreay, eight miles west of Thurso, is destined to become 
the proving ground for future British industrial atomic power developments. Probably four reactors of 
different types will be built there. When building operations on this new atomic power station are in full 
swing 1500-2000 men will be employed. (Below) Part of the model of the Dounreay installation which was 
recently shown at the Royal Institution by Sir Christophe: Hinton. 


DIESEL TURBINE REACTOR CONTROL ROOM 
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reassure any of the local people who had fears about 
the radiation hazards connected with the fast-reactor 
power station being built at Dounreay. The model 
of this reactor was seen at the Royal Institution on 
December 3 iast year when Sir Christopher lectured “On 
Getting Useful Power from the Nucleus of the Atom.” 
Towards the end of his Royal Institution lecture, Sir 
Christopher made some remarks about the cost of 
generating electricity in nuclear power stations. He said 
that the estimates did not look unpromising. “It 1s 
estimated,” he said, “that nuclear power cannot be more 
than 50°, more expensive than the cost of power from 
the most modern conventional station using coal at the 
average price—the true cost of generation in many 
existing power stations is far higher than this. Our cost 
of generation in a nuclear power station can be brought 
down considerably by placing a higher value on the 
plutonium which is produced as a by-product, and it 
will certainly come down as our knowledge grows.” 
He suggested that the development of nuclear energy 
might proceed in two stages. Stage (1) would involve 
building a large number of thermal reactors for installa- 


1955 DISCOVERY 


tion in power stations. This part of the programme 
would aim at making up for the present coal shortage 
which seems likely to continue at a level of about 20 
million tons a year. It would probably take between 
twenty and thirty years to reach this target. During this 
time, the by-product plutonium would be produced in 
the thermal reactors, and this would have to be separated 
and processed for use in the second stage. Stage (2) 
would involve the use of reactors employing highly 
enriched fuel, in particular, the plutonium from the first 
stage. Whether these reactors would be fast or inter- 
mediate, or whether they would be thermal reactors of a 
type at present unknown to us, cannot safely be pre- 
dicted. It would, however, be one of the objectives of 
Stage (2) to achieve breeding of fissile material on a 
commercial scale. 

“We are, at present, only on the threshold of atomic 
energy developments: what we are doing today will look 
as clumsy and costly in a hundred years’ time as one of 
Watt's early steam-engines looks to us, but we may well 
be opening the door to similarly important advances in 
power-plant engineering,” was his concluding comment. 


FERMI AND THE ATOMIC PILE 


Cc. L. BOLTZ 


One of the pioneers of the Atomic Age was Enrico Fermi, leader of the team which brought 
into operation the world’s first atomic pile on December 2, 1942. He died on November 28, 
1954, and this tribute which is paid to his memory by the science correspondent of the 
European Service of the B.B.C. was originally broadcast, by a happy inspiration, on the exact 
anniversary of that event which was a revolutionary advance in the history of atomic energy. 


Exactly twelve years ago today, on December 2, 1952, 
the very first nuclear reactor—or pile as it was then 
called—was set going. A controlled chain reaction, the 
basis of all modern atomic energy industry, was shown 
to be practicable. The anniversary has a_ special 
poignancy, for the man in charge of the team that built 
this first reactor, Enrico Fermi, died suddenly a few 
days ago; he died in his prime, just fifty-three years old. 

Enrico Fermi was a Roman. His father had risen to 
an administrative post on Italian railways: his mother 
had been a primary schoolteacher. Their son Enrico 
was eventually educated at the Normal School—the 
Reale Scuola Normale—at Rome, and took his degree 
in physics there in 1922. After that he studied under the 
famous German physicist Max Born at the University 
of Goettingen, and worked for a while also at the 
University of Leyden in Holland. Then he returned to 
Rome and was appointed professor of physics. He was 
then twenty-five. 

The most exciting part of physics at that time was 
what was then still called in many university syllabuses 
‘electron theory’ but really included everything that was 
known about the atom. Every physicist at that time who 
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wanted to get anywhere was investigating the atom. 
Such work carried with it not only the exciting belief 
that at last we were penetrating to the most funda- 
mental understanding of Nature but also the added 
excitement that the work involved the investigation and 
use of new and startling departures from orthodoxy. 
Physics was rampageously on the march. In 1925 
Heisenberg announced his famous Uncertainty Principle. 
which upset almost all physicists of the old school. 
One of the great hunts was to find if there existed a 
heavy particle without any electric charge. The first 
hint of peculiarities that could not be explained by 
current atomic theory came from Germany in 1930, but 
it was not until 1932 that John Chadwick in Britain 
performed the crucial experiment that showed the 
existence of the neutral particle, now known as the 
neutron. Fermi was immediately at work with such 
neutrons, realising that, as they were without electrical 
charge, they would be able to penetrate to the nuclei of 
atoms more easily than charged particles. This work 
led up to his classic discovery that neutron-bombard- 
ment would produce atoms that were radioactive, made 
so artificially by the bombardment. In other words. 
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Professor Enrico Fermi. 


Enrico Fermi produced the first radio-isotopes ever made 
by neutrons, radio-isotopes of the sort that are now a 
commercial commodity produced in great quantity here 
in Britain and used all over the world in medical treat- 
ment and scientific research. 

Fermi worked out the technique for slowing down 
neutrons, the use of what is now called a moderator. 
He showed that uranium would absorb such neutrons 
sometimes producing effects that were not explicable on 
then-current theories. 

All this time, from 1930 onwards, he was a frequent 
visitor to the United States of America to lecture. In 
1938, Fermi’s father-in-law was suddenly dismissed from 
his job—he was an officer in the Italian Navy. No 
explanation was given, but it was obvious enough, for 
he was a Jew, and in September 1938 Mussolini's first 
anti-Semitic laws were passed. 

This meant crisis for the Fermi family and they made 
up their minds to emigrate to America. It would not 
seem unusual for Prof. Fermi to go away on one of his 
American lecture visits, though they would have to go 
with very little money. Then fate took a hand. Enrico 
Fermi was awarded the Nobel Prize for Physics, which 
came that year to 38,000 dollars. It provided the money 
and the opportunity for escape and when Enrico and 
his wife Laura and their children left Rome on their 
way to Stockholm to receive the Nobel Prize in Decem- 
ber 1938, they were leaving it for ever. 

In America he was made a professor at Columbia 
University, but it was the rapid development of the 
knowledge of nuclear fission, the breaking-up of 
uranium under neutron bombardment into two nearly 
equal halves, a completely unexpected result first demon- 
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strated by Otto Hahn and his colleagues in January 
1939, that occupied most of his thoughts. 

War in 1941 made the Fermis ‘enemy aliens’ but it 
did not hold up his work. In a very short time he was 
caught up in the now famous and phenomenal work 
that led to the first atomic bomb. 

Prof. Fermi’s part was concerned with what he already 
knew best, the slowing-down of neutrons and their use 
to make uranium 235 undergo fission. It was his guess 
that if on the average there were more than one neutron 
ejected, then once the fission had started it would build 
up by multiplication—the so-called chain reaction. This 
is the fundamental phenomenon of the atomic bomb. 
But for the bomb you need a fissile material. One is 
uranium 235. The other is plutonium. 

Plutonium is made when uranium 238 absorbs 
neutrons. Would it be possible to use natural uranium 
in such a way that a chain reaction would go on in the 
tiny fraction of uranium 235, and could that chain 
reaction be sustained and controlled so that a factory, 
so to speak, could be made that would have a flux of 
neutrons in it that would be available to change the 
uranium 238 into plutonium? Fermi said that all this 
would be possible. He decided on graphite as the 
moderator and in the early small-scale experiments he 
was black from head to foot with graphite. 


THE PILE IN THE SQUASH COURT 


Then came the building of the actual pile. It was 
spherical in shape, with a flat top, and it was built in a 
concrete squash court under the grandstend of the 
Chicago University’s football stadium—the only space 
available. Six weeks saw the job done. 

On December 2, 1942, most of Fermi’s colleagues 
were in the spectator’s gallery. Three—the suicide squad 
-—were actually on the flat top of the pile ready to soak 
everything with a solution of cadmium salt, a noted 
absorber of neutrons, if anything went wrong. Instru- 
ments were mounted to give a count of the neutron 
emission inside the pile. Rods of cadmium were inside 
it to absorb neutrons and so to keep the pile inactive. 

Then the show began and all were silent to listen to 
Prof. Fermi. All the cadmium rods except one were 
pulled out of the pile by a team of men who had entered 
as the professor's sentence ended. It had been rehearsed. 
A young physicist, George Weil, had been chosen to 
operate the remaining control rod. He pulled it so far 
and the instruments were watched. Then he pulled 
farther and the instruments were again watched. The 
only one not worried was Prof. Fermi; he grinned 
happily, his grey eyes alight with pleasure. 

Then in the middle of ail this, believe it or not, 
Fermi said: “Let’s go to lunch.” Afterwards there was 
the same stage-by-stage procedure until at 3.20 he 
announced that the chain reaction would now be 
sustained. It was. The foundation of the atomic-energy 
industry of today had been laid. 


(B.B.C. Copyright Reserved) 








It has been announced that the Ministry of Food will cease to exist as a 
separate department, and when that happens some of tts functions will 


he merged with the Ministry of Agriculture. 


The author of this article 


served with Sir Jack Drummond in this Ministry from 1940 to 1945, 


NUTRITIONAL SCIENCE 
IN THE MINISTRY OF FOOD 


MAGNUS PYKE, B.Sc., Ph.D., F.R.I.C. 


The word ‘vitamine’ was invented by Casimir Funk in 
1912,* although the Dutch scientist, Eyjkman, had demon- 
strated the existence of what is now known as vitamin B, 
in rice polishings in 1897 and the Scottish surgeon, 
James Lind, had shown almost two hundred years ago 
that lemon-juice would cure scurvy by virtue of an 
active principle in it, namely, vitamin C. Nevertheless, 
the Ministry of Food, which came into existence to deal 
with the serious food shortage brought about by the 
submarine blockade towards the end of the 1914 war, 
took no account of such factors as being of any prac- 
tical significance to the British nation. Indeed, so little 
attention was given to the science of nutrition in the 
First World War that even calories were at first ignored 
by the government of that time. When food supplies 
became acutely inadequate the Ministry issued posters 
saying “eat less bread”. There were other leaflets 
exhorting dutiful citizens to follow the example of “Sir 
Samuel Chisholm” whose model menu, seriously in- 
adequate both in quantity and in nutritional balance, was 
set out in full as an example to be followed by patriotic 
people. In Denmark, the eye disease, xerophthalmia, 
due to a deficiency of vitamin A, was reported to have 
occurred among children due to a lack of butter, which 
was at that time in great demand for export both to the 
Allies and to the Central Powers. 

Fortunately for us, the war ended before the full 
results of our nutritional unpreparedness had time to 
develop fully. In Germany and Austria, however, the 
Allied blockade which continued into 1919 after the 
armistice caused much hardship not only from an 
absolute shortage of food, that is to say, insufficient 
calories but also from malnutrition due to a deficiency 
of specific nutrients. In 1922, Dame Harriet Chick and 
her colleagues from the Lister Institute who had been 
working in Vienna published a report which showed 
conclusively that rickets in babies could be cured by the 
administration of the vitamin D in cod-liver oil. This 
report marked a turning-point in the general under- 
standing of human nutrition. It then became clear to 
the scientific world that an empirical familiarity with 


* In its original form, the word implied that the substances 
so described were members of the chemical group of 
‘amines’. When this was found not to be so. it was 
Drummond who in 1920 suggested that the terminal ‘e 
should be deleted. 
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victualling was not sufficient, but that in order to plan 
diets for the health and efficiency of populations some- 
thing more was required. This was a knowledge of the 
underlying chemical components which every such diet 
must contain. In 1933, Dr. Hazel Stiebling in the United 
States drew up one of the first tables showing the nutri- 
tional requirements of different categories of people. 
Her figures were the basis used later by Lord Boyd Orr 
in calculating the adequacy of the British diet for the 
various social categories of the population. By the time 
the Second World War broke out in 1939, these assess- 
ments of human nutritional requirements had_ been 
modified by a distinguished international body called 


together in 1936 as a “technical commission on the 
physiological basis of nutrition” by the League of 


Nations. The League of Nations’ report contained 
figures for the requirements of calories, protein, calcium, 
vitamin A, vitamin B, and vitamin C. Dr. Stiebling 
included phosphorus, iron and riboflavin as well. 


ENOUGH TO EAT IN TERMS OF CALORIES 


At the beginning of the Second World War, Sir Jack 
Drummond, the scientific adviser to the Ministry of 
Food, and the people working with him, had available 
to them these assessments of nutritional requirements. 
It was at once recognised that the energy value of the 
diet, as expressed in calories. was the concept of most 
fundamental importance. To say that a man is not 
getting his calorie needs is to say he is hungry. People 
can live for a long time with too little to eat but they 
will suffer eventually: muscular efficiency, and with it 
the capacity for work, will be affected: the alertness and 
vigour of the population will decrease and there will be 
a loss of weight. 

All foods provide calories. The staple energy foods 
are. however, cereals and potatoes, although, when one 
allows for the high proportion of water present in 
potatoes, one finds that bread is, weight for weight. 
three times as good a source of calories. Then in the 
same rank as cereals comes sugar. Finally, more than 
twice as concentrated as any other food, fats are the 
richest of all sources of calories. 

The primary scientific duty, therefore, of the Ministry 
of Food was to assess the total national need for 
calories. The first approximation was based on the 
figures of the League of Nations. From these 4a 
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Changing estimates of the nutritional requirements per head of the population compared with the ‘nutrient 
equivalent’ of supplies per head per day ‘moving into civilian consumption’. 
























































REQUIREMENTS en 
(Ministry of Food, 1949') 
Post-war 
Wartime British 
| Pre-war | (U.S. Canada. Medical Pre-war | Wartime | Post-war 
(Stiebling, 1933') U.K.. Combined Associa- (1941) 1948-9) 
Food Board, 1944°)} = tion, 
1950° 
ao 
ee _— 3 
22/3 2] &¢ 
From From analysis of diets S& s & EY 
nutrient ba me “ae ce Rear : < 
pen Minimum Moderate Liberal} ‘= -5 e's = > 
| | cost cost diet 2 3 3 #4 oa 
Calories 2810 2980 2985 2930 2546 2546 2554 3000 2800 2980 
Protein, g. 68 89 84 87 64:6 64-6 71 79-9 87-4 88-9 
Fat, g. anne 115 130 149 — i ron 130-2 113-4 110-0 
Calcium, g. 0-90 1:28 1-26 1-27 0-9] 0-75 0-917 0-693 0-698 1-216 
Phosphorus, g. 1-23 1-72 1:58 1-61 — —_ _— om eid pan 
Iron, mg. 13-14 13 14 15 11-7 9-3 11-8 12-4 12-9 15-8 
Vitamin A, 1.u. §$320-5800 7094 7969 9093 4664 3660 4570 3997 3604 3920 
Vitamin B,, mg. 1-38 — — — 1-47 1-10 1-02 1-2 1-5 1:8 
Vitamin C, mg. 71 88 126 154 71 57 20-30 96 8] 113 
Riboflavin, mg. 1-74 — — — 22 1-7 1-53 1-6 1-6 2:0 
1 Stiebling. H. K. (1933), U.S. Dept. Agric. Misc. Pub., No. 183. 
* Combined Food Board (1944), Second Rept. of a special Joint Cttee. U.S. Dept. Ag. 


3 British Medical Association (1950), Rept. of the Cttee. on Nutrition. 
4 Ministry of Food (1949), Food Consumption Levels in U.K., Cmd. 7842, H.M.S.O. 


‘weighted mean’ was calculated based on the numbers 
of men, women and children, manual workers, sedentary 
workers, expectant mothers and the rest who make up 
the population. The figure arrived at was 2980 net 
calories a day per head. In 1941, however, the Food 
and Nutrition Board of the United States National 
Research Council issued their first recommended nutri- 
tional allowances, representing a careful reconsideration 
of the scientific evidence. When these estimates were 
applied to the British population statistics a per capita 
figure of 2550 calories was obtained. In terms of food 
this difference of 430 calories represents nearly 2 million 
tons of wheat or 700,000 tons of lard a year for a popu- 
lation of 40 millions and demonstrates one of the diffi- 
culties of precise nutritional planning. 

The amount of food produced in Britain has been 
insufficient for the needs of the population ever since 
1800. By 1908, home-produced food represented 43% 
of the total amount consumed; in 1925 the figure had 
dropped to 39%: and by 1938 it represented only 33% 
of the total requirement. At the beginning of the war, 
therefore, the Government's first step was to buy a stock 
of whale oil, wheat and sugar and at the same time to 
take steps to increase agricultural production. Because 
animals can never produce the amount of food equal to 
the calorific value of the crops they eat, extensive tracts 
of pasture-land were ploughed up, and wheat and other 
cereals which could be used for bread were grown on 
them. 
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The area devoted to potatoes, which yield a high 
return of calories per acre, was also greatly increased. 
Between 1938-9 and 1942-3 home-grown calories were 
increased by almost a third. Similar in principle to the 
transfer of land from the feeding of animals to the 
direct feeding of men was the use for human food of 
part of the grain offals normally employed as fodder. 
Before the war, the proportion of the wheat grain 
extracted as flour was 72%. Immediately the war began 
this proportion was increased to 75% and when in 1941 
Japan attacked, the figure was soon raised to 85%. 

Besides contributing to the supply of calories, the 
increase in the flour ‘extraction rate’ increased the B- 
vitamin content of the diet and the amount of iron. As 
is discussed later, a deficiency of vitamins of the B-group 
had been suspected in certain pre-war diets. The con- 
tribution of iron was credited with part of the reduction 
of some types of anaemia during the war years, in 
spite of the fact that the physiological availability of 
the iron in high-extraction flour was a matter of some 
debate. 

Although the average calorie requirements of different 
categories of people are known, the needs of individuals 
may differ widely. The Ministry’s plan for calorie dis- 
tribution was, therefore, to allow as long as possible 
for the existence of a ‘buffer’ of unrationed bread and 
potatoes for those people whose energy requirements 
were unexpectedly great. The Germans were forced to 
introduce a complicated rationing scheme for calories at 
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an early stage in the war, principally because their nutri- 
tional position was less secure than that of the British. 


THE SIGNIFICANCE OF FAT IN THE DIET 


The amount of fat available in the diet has an impor- 
tant bearing on calorie consumption. Fat is the most 
concentrated of all sources of energy; when there is a 
shortage of fat it is inevitable that the bulkiness of the 
day’s food must increase. Before the war the total 
amount of fat per day per head of the population was 
about 130 grams. At the end of 1940, the figure had 
fallen to 115 grams and by the second quarter of 1941 
it had dropped to 104 grams. This was one of the worst 
periods of the war with respect to food supplies. For 
the rest of the war years it fluctuated between 113 grams 
and 124 grams a head daily. 

Fat is often classified under two heads: as ‘visible’ 
fat, being such items as butter and lard, and as 
‘invisible’ fat, covering the cream on milk and the fat in 
meat or bacon. In Germany the expedient was adopted 
of converting part of the ‘invisible’ into ‘visible’ fat by 
partly skimming the milk supply :n order to increase the 
butter ration. Although this plan was discussed in 
Britain it was never adopted. 

The minimum physiological requirement for fat as a 
specific nutrient is not precisely known. In our cus- 
tomary Western diet, its most important nutritional 
attribute is its compactness as a source of calories. 
When, therefore, the supply of fat in the diet fell in 1941 
to its lowest level, the diet of many people became corre- 
spondingly unpalatable and bulky. In order to ward off 
harm to children, whose calorie needs are large while 
the cubic capacity of their stomachs is small, the Ministry 
of Food allocated a greater proportion of fat for school 
meals than for any other type of catering. 


TOTAL PROTEIN AND ANIMAL PROTEIN 


Provided an adequate supply of calories can be main- 
tained with the foods which, in countries such as Britain, 
we consider as staples, the provision of an adequate 
total protein supply is automatic. Throughout the war 
years, the average national protein supply varied from 
79 grams to 89 grams a head daily compared with the 
average nutritional need of 65 grams to 66 grams. The 
scientific problem for protein rested on its essential 
importance for the nutrition of mothers, infants and 
growing children. 

The fraction of the total protein supply which is of 
special physiological importance is that derived from 
animal foods. Statistically there is a correlation between 
human efficiency in its widest sense and an adequate 
consumption of animal protein. During the first three 
years of the war the average supply of animal protein 
per head of the population fell from 43 grams to 
36 grams, a drop of 16°%. When, therefore, in 1941 the 
United States was able to offer a choice of food under 
Lease-Lend, an urgent request was made for supplies of 
canned meat and fish, cheese, dried milk and dried egg 
—all sources of animal protein. But the most important 
part of the scientific plan for protein was the increase 
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in milk production during the war years. From 1939 to 
1945 the national milk consumption steadily increased 
from 789 million gallons to a figure of 1071 million 
gallons. But whereas a uniform ration of meat, bacon 
and cheese was imposed for the whole adult population, 
children and mothers were provided with an increased 
supply of the animal protein for which they have a 
specific physiological need by being given priority 
allowances of milk and eggs. A _ further important 
aspect of the distribution of milk was the great expan- 
sion of the “Milk in Schools” scheme. 


THE PRACTICAL IMPLICATION OF 
VITAMIN REQUIREMENTS 


Although a great deal of research had been done on 
vitamin A since its discovery in 1913, the amount 
required in the diet was not known with any precision 
in 1939 and considerable anxiety was felt at the possi- 
bility of symptoms of deficiency occurring. For this 
reason the Ministry of Food enlisted the co-operation of 
the Medical Research Council in a scientific investiga- 
tion using human volunteers. The results of this study 
have since been published. At the time, however, 
several steps were taken to safeguard the national diet. 
The incorporation of vitamin A in margarine was made 
obligatory. The acreage devoted to carrots, which are 
one of the best vegetable sources of vitamin A-activity, 
was increased. The consumption of green vegetables 
was encouraged. Dried egg, a notable wartime develop- 
ment, received special attention as another source of 
vitamin A. 

All these foods were intended to maintain the diet of 
the adult population. Young children, however, could 
not be expected to eat large amounts of green vegetables 
and carrots. For those up to the age of five, therefore, 
a special issue of cod-liver oil was made available. This 
provision of a vitamin concentrate was probably the first 
example of the distribution of a specific nutrient to all 
those in the population without distinction who were 
considered to have a special physiological need for it. 
Expectant and nursing mothers were provided with 
vitamin pills in place of the cod-liver oil. 

Vitamin B, is a substance which is necessary for the 
utilisation of carbohydrate in the diet. In Eastern 
countries where rice forms by far the major constituent 
of the diet, a serious deficiency disease, beri-beri, occurs 
where polished rice lacking in vitamin B, is_ used. 
Similarly, poor Western diets containing an excessive 
amount of sugar and white bread may lead to vitamin B, 
deficiency. Early in the war, therefore, a proposal was 
made to add synthetic vitamin B, to white flour. This 
plan was being put into effect when, early in 1942, the 
shipping situation became so threatening that it became 
necessary to raise the milling extraction rate to 85%. 
This automatically increased the vitamin B, content of 
flour from 0-5 milligram per pound up to 1:3 milligram 
per pound. Simultaneously, the consumption of sugar, 
the item in the diet par excellence deficient in the 
vitamin, was perforce radically restricted. 
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A vitamin for which the Ministry of Food thought 
it particularly necessary to introduce a _ consciously 
designed scientific plan was vitamin C. This substance 
is found in significant amounts only in fruit and 
vegetables. As a result of the shortage of ships in 
1940, it was decided to dispense with imports of fruit, 
which form a bulky and wasteful cargo, and to depend 
instead for vitamin C on potatoes and other vegetables. 
The area of land available for vegetable production was 
of course limited, and while considerations such as 
hardiness to the weather, cropping season, perishability 
and national taste were given due weight, the principle 
which substantially influenced the area of a particular 
vegetable to be cultivated was the vitamin yield per acre. 
The implementation of the nutritional plan was achieved 
in large measure by controlling prices. An essential 
complement to the scheme for vegetable production by 
the farming community was the encouragement given 
to domestic gardens and allotments. Much publicity and 
quite detailed instructions were issued by the Ministry 
of Agriculture so that the individual gardener could 
make the best use ‘of what little land was available to 
him. A scientific paper issued at the time showed that 
if these directions were followed a family could be 
assured of adequate supplies of vitamin C, together 
with a contribution of vitamin A, throughout the year. 

Vegetables, while they can provide adequate amounts 
of vitamin C for adults, must be eaten in comparatively 
large quantities if they are to do so. They are not, 
therefore, suitable as a sole source of the vitamin for 
infants and young children. In order to supply this 
nutrient for children under five years old, a scheme was 
put into operation in 1940 for using a _ substantial 
proportion of the national black-currant crop for the 
preparation of a syrup for distribution as a ration to 
those children—this fruit being exceptionally rich in 
vitamin C. Later, concentrated orange-juice was issued 
instead when American Lease-Lend supplies became 
available. 

Although in 1938, as today, unsatisfactory diets were 
to be met with, the only frank disease due to vitamin 
deficiency likely to have been seen in clinical practice 
was rickets in children due to deficiency of vitamin D. 
Milk contains vitamin D, consequently the priority milk 
ration for children helped to provide part of their needs. 
Butter also contains it and the Ministry made compul- 
sory the addition of vitamin D to margarine. 

Besides the supply of vitamin D from foodstuffs, 
it was also decided to make special provision of 
vitamin D for mothers and infants in the form of stan- 
dardised cod-liver oil to which reference has already 
been made in connexion with vitamin A. Later in the 
war, the supplement for expectant mothers was changed 
to tablets providing not only vitamin D and vitamin A 
but calcium as well. 


BREAD 


Bread besides being the principal staple food in a 
Western diet, is also a matter of great emotional con- 
tent. “Give the people bread’, “the national loaf”, 


“bread and circuses”, “give us this day our daily bread”, 
are all phrases with so great a psychological impact that 
even the scientist can barely avoid some measure of 
subjective feeling in discussing the problem of what the 
chemical composition and nutritional value of bread 
should be. In Britain two aspects have been made a 
matter for public and scientific discussion. 

The first is the desirable contribution of B-vitamins. 
Brown bread, that is to say bread made from flour of 
increased ‘extraction rate’, contains as we have seen 
more vitamin B, and other B-vitamins than white bread. 
In 1945 an official committee published their famous 
Report of the Conference on the Post-war Loaf in which 
it was argued that the nutrients provided by flour of at 
least 80° extraction possessed so substantial a nutri- 
tional advantage over those contributed by the pre-war 
72% extraction that any flour failing to achieve this 
standard should be permanently prohibited by law. This 
is not the place to go into the scientific details relating 
vitamin content to calorie value or to discuss the con- 
tribution of different types of bread to the different types 
of diet eaten by different categories of people in the 
population. It must be said, however, that although the 
authority of the members of the committee was un- 
exceptionable, the merits of their conclusions on the 
evidence is open to doubt. Indeed, within the past year 
a direct clinical study on children in an orphanage 
suggests that, under the conditions there existing, white 
bread gave as good nutritional results as brown. 

The second aspect of bread composition which led to 
seriously considered scientific discussion relates to the 
mineral content of the national diet. Calcium is specially 
concerned with the formation of bone. Since milk is a 
rich source of calcium we have a further reason for 
priority rations of milk to children and expectant and 
nursing mothers. Adults need to obtain calcium, which 
is indeed an essential nutrient, but their minimum 
requirements are less well understood. At the beginning 
of the war it had been recognised that a substance, 
phytic acid, present in brown bread, could combine with 
part of the calcium of the diet and render it unavailable 
to the body. Symptoms of calcium deficiency in adults 
are not easy to detect. For instance, dental decay, while 
attributable in some measure to a shortage in calcium, 
may be due to a variety of other causes. Nevertheless, 
the Ministry of Food on the advice of the Medical 
Research Council added calcium, in the form of purified 
chalk, to the bread made from the National, high- 
extraction flour. 


THE WARTIME PLAN IN ACTION 


The basic reason for the existence of a Ministry of 
Food is to provide, so far as it can be done within the 
heavily competing demands of wartime existence, enough 
to eat. That the Ministry achieved this aim is shown by 
the average calorie supply. Compared with a calculated 
net average requirement of 2550 calories per head, the 
national food supply provided a gross average of 2800 
in 1940, 2820 in 1941, 2870 in 1942, 2860 in 1943, 3010 
in 1944 and 2930 calories in 1945. Although these 
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figures show that the total food supply was adequate 
when measured in terms of calories—calories are not 
enough. There is little doubt that during the winter of 
1940 and the early spring of 1941, while cheap bread 
and potatoes were available in the shops, people tended 
to eat insufficient for their energy requirements and some 
loss of weight occurred. This underlines the importance 
of a minimum level of attractiveness, variety and palata- 
bility as well as of basic calorie supplies. 

To ensure that every individual obtained, so far as 
possible, his food needs, the Ministry established com- 
munal meals as an essential adjunct to individual rations. 
Their importance was first demonstrated at the end of 
1940 when British Restaurants were available to provide 
meals in the turmoil of heavy bombardment. Hand-in- 
hand with communal meals intended for the population 
at large, was the development of canteens in factories. 
Within two vears of the 1940 order, making compulsory 
the provision of restaurants in all industrial plants 
employing more than 250 people, more than 8000 
factory canteens had been set up. This number was 
doubled in 1944. Finally—and of greatest nutritional 
significance of all—was the development of machinery 
administered by the Ministry of Education for providing 
hot midday meals for schoolchildren. 

Food supplies were always sufficiently adequate that 
communal meals never had to be controlled by an indi- 
vidual rationing system but the method of allocating 
food to canteens was in conformity with the scienti- 
fically thought-out nutrition plan. Three levels of distri- 
bution were fixed. British Restaurants received the 
same amounts of meat, fat, sugar and other rationed 
foods as commercial catering establishments; factories 
where moderately active work was done received more, 
and very heavy workers were given more still. But 
because the physiological needs of chiidren are in many 
ways proportionally greater than those of adults, the 
allowances for school meals were largest of all. 

Three main types of scientific study were carried out 
to assess the effectiveness of the Ministry of Food’s 
work. In 1941, a national food survey was begun. This 
consisted o: a monthly dietary survey of the week's 
food purchases of between six and seven hundred 
working-class households. The information thus collected 
from more than 2000 individuals was analysed to 
provide figures for the quantities of individual foods 
bought for use in the home from which an estimate 
of the average nutritional value of part of the diet 
could be calculated. This survey has been maintained 
in being ever since. The second study, begun in 1943, 
was a systematic periodic survey of the heights and 
weights of about 60,000 men and women. An extension 
of this study was provided by the Ministry of Educa- 
tion’s data on the growth of children. This showed that, 


far from any deterioration occurring, growth of children 
Was in many instances better under rationing than 
pre-war. 

The third type of study (which was organised by the 
Ministry of Health) was « clinical investigation of 
selected groups designed to discover the incidence of 
symptoms specifically due to malnutrition. Such symp- 
toms were happily few. Indeed, the lesser incidence in 
Britain than in the United States of symptoms at that 
time thought to be due to deficiency of the vitamin, 
riboflavin, was attributed by Prof. Sydenstricker to the 
consumption of beer in this country, beer having been 
discovered to be a source of riboflavin. 


THE ACHIEVEMENT IN RETROSPECT 


Today, ten years after the end of the war, the scien- 
tific work of the Ministry of Food ought not to be 
underrated. The basic achievement was to establish the 
known physiological requirements for nutritional well- 
being as the scale against which food supplies had 
to be measured. Physiological requirements cannot be 
expressed in terms of ounces of bread, beef-steak or 
Sugar; they must be set down as calories, protein, 
vitamins and the rest. On this basis it can be seen that 
when meat is unavailable as a source of protein, dried 
milk, cheese or, at worst, soya beans are the appropriate 
substitute. And in the same way scientific food tech- 
nology can aim at producing dried potato powder con- 
taining the vitamin C-equivalent of fresh potato—which 
was indeed a successful wartime achievement. 

But beyond the employment of a template of science 
as a basis for their plans, the Ministry of Food exhibited 
an insight for which science cannot claim the sole credit. 
The Ministry grasped the vital point that the science of 
nutrition as applied to a civilised community embraces 
more than physiology: psychology, scciology, anthro- 
pology and economics also cannot be overlooked. In 
short, the diet must not only provide necessary nutrients, 
it must also supply them in a form in which they will 
be accepted. This fact underlies the importance of the 
food advice service which the Ministry ran throughout 
the war. An example may be worth quoting. In 1940, 
two dieticians were sent to a deep air-raid shelter at 
Shepherd's Bush in London with a nutritional soup 
received from transatlantic wellwishers. This soup con- 
tained a balanced series of vitamins, minerals and 
proteins. When cooked it was thick but pure white, and 
no one in the shelter would eat it. The dieticians with- 
drew, added a pinch of gravy browning, and returned to 
the shelter where their soup was eagerly consumed. The 
Ministry of Food never overlooked the importance, even 
in total war, of presenting nutrients to the population in 
the form of foods from which a diet of reasonable 
acceptability could be constructed. 
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MATHEMATICAL ASPECTS 
PLANT DEVELOPMENT 





K. J. DORMER, Ph.D., B.Sc. 


(Botany Department, University of Manchester) 


Biologists of the Victorian era sometimes had to suffer 
the arrogant pronouncements of eminent physicists 
regarding the intellectual superiority of the so-called 
‘exact sciences’ over all forms of ‘natural history’. Since 
that time a closer familiarity with the habits of sub- 
atomic particles has done much to engender a spirit of 
tolerance on the one side, while the discovery of 
numerical relationships in genetics has provided a fairly 
effective reply on the other. Nevertheless, it is still very 
noticeable that the quantitative and mathematical 
methods which have been so spectacularly successful in 
dealing with inanimate systems have not yet been applied 
on a large scale to biological material. 

To some extent this is a reflection of the great com- 
plexity of living matter. Even in meteorology the limita- 
tions of the mathematical techniques of interpretation 
and prediction are painfully apparent, though beside the 
frantic tumult of a hedgerow in spring even a thunder- 
storm appears as a very pattern of orderly development. 
lt is natural, therefore, that botany and zoology should 
have developed primarily as descriptive sciences, and 
that biologists should feel a certain despondency regard- 
ing the application of mathematics to living organisms. 

In botany at least, however, this pessimistic outlook 
has been elevated almost into an article of faith, and 
threatens if unchecked to warp the whole future develop- 
ment of the subject. Largely in connexion with agricul- 
tural researches there have been developed methods of 
statistical analysis which are appropriate to a very 
special class of situation. A whole generation of 
botanists has been trained in these methods, and has 
grown up to think in terms of experiments in which the 
sources of error are innumerable and the practicable 
number of replications small, so that only thorough 
Statistical examination can distinguish between results 
which are genuinely the outcome of experimental pro- 
cedure and those which are mereiy fortuitous. There is 
an unhealthy tendency to extend to botanical problems 
generally some of the mental attitudes appropriate to 
this class of work. It is very generally, though tacitly, 
assumed that accurate measurement is a waste of time 
because no result can be duplicated with any approach 
to precision, and that effects which are small in magni- 
tude must also be unimportant, both practically and 
theoretically. The situation has been aggravated by the 
Progress which has taken place in biochemistry and 
plant physiology: in so far as their thought is not cast in 
4 purely botanical mould most botanists now think 
as chemists, in terms, that is to say, of qualitative 
differences. It is now very uncommon to find a profes- 
sional botanist with any taste for, or training in, physics 
or mathematics. 

Indications are not lacking, however, that the growth 
ofa plant is governed by mathematical laws, and that 
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some of these are at least not incomprehensibly com- 
plex. Many of the central problems of botany are con- 
nected with the continued growth of a shoot from an 
apex which is constantly producing new tissues and a 
potentially unending succession of lateral organs; this is 
a type of development almost unknown in animals. The 
mathematical relationships involved are treated under 
the general heading of phyllotaxy or leaf succession. 
The existence of a regular pattern is seen very clearly 
in, for example, a sunflower head. Here the florets are 
delimited by two sets of spiral lines winding in opposite 
directions about the central point (Fig 1, right side). 
These lines are of the mathematically simple type known 
as the logarithmic spiral (represented by the polar 
equation r=ae°?). Their most important property is 
the constancy of the angle which the curve makes with 
the radius at any point (i.e. in Fig. 1 all the angles ¥ 
are equal). This implies that florets at different distances 
from the centre will be similar (in the strictest geometri- 
cal sense) in shape. Such spirals can often be observed 
when a central stem is surrounded by lateral appendages, 
whether they be leaves or flowers or structures of some 
other kind. It is rather uncommon to see the spirals 
displayed upon a flat surface, as in the sunflower; more 
often they are drawn out into screwlike (helical) lines, 
as in a fir cone (Fig. 2). Although the principle of 
similarity clearly accounts for the general character of 
these lines it offers no basis for any prediction of their 
exact form. 

Further regularities appear, however, if we examine 
large quantities of plant material, it may be of many 
different kinds, counting in each instance the number of 
spirals winding in each direction. Each specimen will 
yield two counts, and in any large collection of such 
counts certain numbers are always found to be con- 
spicuously more frequent than others. These ‘favoured’ 
numbers are members of the curious Fibonacci series: 


0, 1, 5, S 13, 21, 34, 55, BB, 144, 233, ... 


Each term is here the sum of the two preceding ones. 

let us now choose some spirally constructed plant 
specimen (a good long fir cone will be suitable) and 
arbitrarily label one of the lower lateral members with 
the number O (it will be advisable to avoid the extreme 
base of the cone, which is likely to be irregular). Count 
the numbers of spirals in the two directions and record 
the results (Fig. 3). Now number the other scales of the 
cone by the application of the following rule: 

In ascending a spiral add for each scale passed a 
number equal to the total number of spirals of that 
kind. In descending, subtract. 

In this way all the scales of the cone can be num- 
bered, the number which is put upon a scale being 
independent of the route by which it is reached. 
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FIG. 1 (a) deft. Pattern arising from the intersection of two sets of logarithmic spirals winding in opposite 
directions about the centre. This is a purely geometrical construction, but reproduces almost exactly the 
arrangement of the florets in a sunflower head, as seen in the photograph, FiG. I (6). 





FIG. 2 (/eft). A large fir cone, with its scales arranged in screwlike spiral lines. 
FIG. 3. (right). A tracing of the cone, with the scales numbered according to rule. Owing to the tapering of 
the upper part of the cone, the relative conspicuousness of the scale spirals changes according to the principle 
explained in the text. In the upper part the spirals with interval 3 gain in prominence at the expense of those 
with interval 13. 
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In any such system of numbered units other spirals 
can be traced besides those of the two most conspicuous 
sets. A spiral is produced, in fact, by joining up any 
series Of scales separated by a constant interval, as for 
example 0, 29, 58, 87, etc. The relative conspicuousness 
of the spirals is mainly an expression of the proportion 
which the width of a single unit bears to the circum- 
ference of the whole system. In a fir cone the scales are 
relatively large, and the most obvious spirals will be 
those of the smaller sets—S, 8 or 13. In a sunflower 
head the florets are relatively small and the spirals of 
the higher sets, such as 55, 89 or 144, will be more 
prominent. In Fig. 3 the conspicuousness of the spirals 
with interval 3 increases towards the top. 

The only truly fundamental spiral is that which 
traverses all the units in numerical order (which is also 
the order of their production). This is known as the 
genetic spiral, and there is a very strong presumption 
that, neglecting some rare exceptions, all genetic spirals 
are essentially alike. The principal characteristic of a 
genetic spiral is its angular divergence, the angle sub- 
tended at the centre of the system by any two successive 
members of the spiral sequence. The angular divergence 
is usually expressed as a fraction of an entire circle, and 
is estimated by finding a unit which is (apparently) 
directly above No. 0, and counting the number of turns 
of the genetic spiral required to reach the unit selected. 
The best estimates obtained in this way form the series 
of fractions: 


iz. 8/3, 

34/89, ... 
It will be found that these fractions oscillate with rapidly 
diminishing amplitude about a limiting value which is 
actually equal to $(3— 4/5), corresponding to an angle of 
about 1374°. It seems perfectly clear that in all ordinary 
cases of spiral phyllotaxy the angle between two suc- 
cessive leaves has originally this irrational value; subse- 
quent growth usually leads to distortion, and owing to 
the difficulty of making exact measurements one or 
other of the approximations from the series above is 
often, though wrongly, accepted as a true value. 

The terms of the Fibonacci series are prominent also 
in many cases where structures, such as flower petals, 
are present in definite numbers. This is apparently a 
reflection of the fact that units placed with the standard 
angular divergence will be distributed about the centre 
in a roughly symmetrical manner if present in a 
Fibonacci number or multiple thereof, but not otherwise. 


3/8, 5/13, 8/21, 13/34, 21/55, 


2/5, 


ATTEMPTS TO EXPLAIN THE SPIRAL 


The regular occurrence of a standard type of spiral 
arrangement is very remarkable, and many attempts 
have been made to explain it. The trouble is not that it 
is difficult to deduce the standard angle of divergence 
from simple hypotheses, but rather that there are too 
many alternative sets of assumptions, any one of which 
will suffice to explain how the existing members of the 
Series act to determine the position of the next. All the 
theories which have been proposed embody in some 
form the idea that each leaf exerts an influence un- 
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favourable to the development of another one in its 
immediate vicinity, and that each new leaf arises at the 
point where the total inhibitory action of all the pre- 
existing leaves is at a minimum. 

Systems of this kind, however plausibly they may 
explain the continuance of a spiral succession once it 
has begun, do not account for its initiation. The start 
of a spiral is not, however, a matter of chance, because 
although right- and left-handed spirals are about equally 
frequent, statistical investigations show that the direction 
of the spiral on a lateral branch is correlated with that 
of the spiral on the parent shoot. The extent of this 
correlation is controlled partly by genetical factors but 
can also be modified by experimental treatment. 

Attempts have been made to elucidate experimentally 
the nature of the controlling mechanism in the stem 
apex. All the treatments employed are relatively crude, 
including the making of various incisions into the 
growing tissues and the application of substances with 
a hormonal action. It is fairly easy by these methods to 
produce spectacular disturbances in the arrangement of 
the leaves, but the significance of such results is far 
from clear. 

Although so much has been done, it cannot yet be 
claimed that anything is certainly known regarding the 
physical nature of the mechanism controlling the suc- 
cession of leaves. The problems involved are funda- 
mental to a large section of theoretical botany, but there 
is no indication that they are likely to be solved by 
qualitative or descriptive methods. Some new lines of 
approach have been opened up, however, in recent 
quantitative investigations, and the way seems clear to a 
very wide and detailed application of mathematical 
methods not only to phyllotaxy but also to other 
problems of plant development. 

In the study of phyllotaxy the emphasis has been 
mainly on questions of angular divergence, but it is also 
possible to treat the whole matter in terms of timing 
relationships. When the leaves of a shoot are placed in 
regular spiral succession the interval between the pro- 
duction of one leaf and that of the next is normally 
constant or nearly so. A very common alternative con- 
dition is that in which two leaves develop simultaneously, 
followed after an interval by another pair. In such cases 
the two leaves of a pair stand diametrically opposite, 
successive pairs being crossed at right angles. There is 
no question of a spiral succession at all (Fig. 4). Between 
this and the regular spiral condition it is easy to find 
intermediate states in which the time intervals between 
successive leaves are alternately long and short. 

The development of a leaf might be represented mathe- 
matically by a system of graphs showing how all the 
various dimensions of the leaf change with time. such 
graphs could be drawn not only for simple measure- 
ments such as length but also for physiological quan- 
tities such as respiration rate. Graphs for different leaves 
would be of essentially similar form but would appear 
spaced out along the axis of time (Fig. 5). Suppose that 
the interval between one leaf and the next is subject to 
variation by the action of the phyllotactic mechanism. 
There is no a priori reason why this mechanism should 
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FIG. 4. Plan and side views of a shoot with leaves in 
opposite pairs. 














act in the same way on all variables of the leaf. There- 
fore, as we pass from leaf to leaf it is likely that slight 
lateral displacements (here called s/ifts) will occur 
between the different graphs relating to a single leaf. In 
Fig. 5 the two tallest curves of each group show very 
obvious shifts. 

All these graphs belong to a class in which some 
dimension or activity of the plant is plotted against time; 
such graphs are especially characteristic of physiological 
investigations, and may conveniently be called p/ysio- 
logical curves. Physiological curves are unsuitable 
material for mathematical study, because in plotting 
them the sampling errors are almost always large. 
Strictly speaking most of the physiological curves which 
have been obtained ought to be represented on paper 
not as lines but as broad indefinite tracts of probability. 
Nevertheless, a great deal of effort has been expended 
on the examination of physiological curves, especially 
growth curves. It is largely from work of this kind that 
there has arisen the common idea that biological material 
cannot be made to yield quantitatively reproducible 
results. 

Most of the excessive variability associated with 
physiological curves will disappear if the observations 
are taken in such a way as to exclude any need for the 
direct measurement of time. If all the readings from a 
single specimen are taken simultaneously, errors due to 
variation in absolute growth rate will be automatically 
eliminated. Errors due to other causes are relatively 
trivial. The importance of this principle has not been 
recognised until very recently, and although observations 
have sometimes been taken in this manner, such work 
has always been done with other objects in view than 
increased precision. 

Although only a few investigations have yet been 
made in accordance with the principle of simultaneous 
observation, it is already evident that plants can be 
made to yield quantitative results with a degree of 
accuracy which does not compare too unfavourably with 
that usual in research on purely physical systems. In 
this field it is possible not merely to detect small differ- 
ences, but also to discuss with profit the factors deter- 
mining their exact magnitudes. 











FIG. 5. The development of four successive leaves upon a shoot, represented by four groups of physiological curves 
plotted on a common time-base. In passing from one group to another various shifts can be seen. The magnitudes of 
the shifts shown here have been greatly exaggerated to illustrate the principles involved. 
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Referring again to Fig. 5, it will be seen that a shift 
between two quantities A and B may be detected by 
setting an arbitrary standard value for A and observing 
the value of B in each leaf as A attains the standard 
figure. In a recent investigation, for example, the con- 
centration of hormones in the leaf was measured as the 
leaf reached a standard area. The condition of simul- 
taneity is thus fulfilled, a high standard of accuracy is 
reached, and quite small shifts can be examined, even 
with rather limited numbers of observations. 

It is not permissible in this work to measure the 
interval between two leaves in terms of time. Instead 
we must estimate how far the development of one leat 
is lagging behind that of the other—we may choose, for 
example, some convenient mathematical expression 
which measures how much smaller the younger leaf is 
than the older, and take the value of that expression as 
being the interval. 

By proceeding in this rather indirect manner we shall 
inevitably forfeit much of the apparent theoretical sim- 
plicity of physiological curves, and it will normally not 
be possible to make use of such simple equations as 
have been employed in the analysis of growth curves. 
In exchange there will be an enormous gain in accuracy, 
consistency and reproducibility of the results. As a 
matter of fact the impossibility of fitting the curves with 
simple equations is not a serious drawback at all, as an 
adequate analysis can be achieved by purely graphical 
devices. 


SOME GENERAL PRINCIPLES 


The study of plant growth by these new methods is 
still in its infancy, but some important general principles 
are already apparent. If any two measurements of leaf 
or internode (an internode is the portion of stem between 
two successive leaves) are examined, shifts, or changes 
in synchronisation, will be discovered. Shifts do not 
occur haphazardly; the shifts along a shoot are arranged 
according to a definite system, and although there will 
be variations in detail the general form of such a system 
of shifts is quite independent of the physical nature of 
the quantities measured. It does not seem to matter, for 
example, whether one carries out a chemical analysis of 
a leaf or measures the length of its stalk; the mathe- 
matical relationships involved in the system of shifts 
will be fundamentally alike in both cases. All known 
shifts can be attributed to one of two causes. Some are 
due to the increasing age of the shoot and form a 
regular progression. Others are phyllotactic effects and 
are related in a perfectly straightforward manner to the 
variations of the interval between one leaf and the next. 

This work places the whole question of phyllotaxy in 
a new perspective, and the angle of divergence now 
appears merely as one effect of a well-nigh ubiquitous 
mechanism which is primarily concerned with the timing 
and synchronisation of all the innumerable physiological 
processes which go on in the growing shoot. 

Quite apart, however, from the problems of phyllo- 
taxy, the development of accurate quantitative methods 
has directed attention to another neglected aspect of 
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H1G. 6. Relative frequencies with which various numbers 
of prickles occur on holly leaf margins. White symbols 
refer to shoots of right phyllotaxy, black symbols to shoots 
of left phyllotaxy. Circles refer to right leaf-margins, 
triangles to left leaf-margins. 


botany, which can perhaps be explained most clearly by 
an analogy. If some immensely complex machine, parts 
of which were hidden from view, were to be examined 
by intelligent beings with no prior knowledge of its 
structure or Operation, it seems that their investigations 
could be divided into three sections. They could record 
its appearance, the arrangement of its parts, the way in 
which it moved, the noises it made and so on. This 
would correspond to the descriptive branches of botany. 
They could also investigate the simple elementary pro- 
cesses involved—the working of such units as a spring 
or an electromagnet. This would correspond to funda- 
mental research in plant physiology. But there would 
also be a third field of investigation in what might be 
called the engineering aspects of the problem—the fact 
that this valve was controlled by that thermostat, or that 
these gears were driven by that electric motor. It is not 
difficult to conceive of a corresponding branch of 
botany, but nothing of the kind can be said to exist at 
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FIG. 7. The same data that was used for FIG. 6 is plotted 
here as differences of the observed frequencies from the 
mean frequency (for all four sets of observations). The 
four graphs of this figure can be fitted satisfactorily by the 
use of a single template, moving it from side to side to 
express the difference between right and left margins and 
turning it over to meet the difference between right-handed 

and left-handed phyllotactic spirals. 


present. The kind of work which can be done in this 
style may be illustrated by a simple example. 

Holly leaves are arranged on the stem in a regular 
spiral which may be right- or left-handed and each has 
two spiny edges which can also be distinguished as left 
and right. If we count the spines on an edge, record 
the result, and collect a large number of such counts, 
we can divide the whole series into four groups, right 
edge and right phyllotaxy, right edge and left phyllo- 
taxy, and so on. The spine at the tip of the leaf is 
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omitted from all counts. Four graphs can then be pre- 
pared showing the relative frequencies with which 
different numbers of spines occur in each of the four 
groups (Fig. 6). The graphs shown in Fig. 6 are based 
on several thousand counts, and are therefore of con- 
siderable accuracy. They are almost, but not quite, of 
the same form. 

In order to study the differences between these graphs 
it is necessary to pool all the data and to calculate the 
mean frequencies with which the different numbers 
occur in the whole set of counts. The figures for the 
four separate groups can then be replotted as differences 
from the mean proportions, so magnifying all the effects 
of phyllotaxy and margin position. Fig. 7 shows that 
the graphs for right and left phyllotaxy are similar, but 
mutually inverted, while the graphs for right and left 
margins are also similar, but laterally staggered. 

These results indicate that the various physiological 
processes involved in the production of spines can be 
divided into three systems, which may be called P, Q 
and R, and which interact in a definite manner. P is a 
mechanism which operates so as to produce an imper- 
fectly standardised set of spines on the leaf edge. It 
must be inherited, and there is nothing to show that it is 
not wholly internal to the leaf. Q is the phyllotactic 
influence; it is certainly external to the leaf, and it acts 
by increasing or decreasing the accuracy with which P 
does its work. R has no obvious direct effect upon P, 
but it modifies the action of Q according to a very 
simple rule. Although nothing is known of the physical 
nature of these three systems, some reasonable supposi- 
tions can be made. Q is very likely to be a hormone 
action, while there are analogies which suggest that R 
may be controlled by cytoplasmic factors. 

It would be wrong to suggest that the mathematical 
investigation of plants must necessarily be concerned 
with phyllotaxy or related phenomena. There are many 
other problems, some of them being fundamentally 
geometrical in character. Most of these other subjects, 
however, are from the botanical point of view mere 
side-issues, and they often demand a very high order of 
mathematical skill. The problems of shoot development, 
on the other hand, are fundamental to the botany of 
higher plants, and it is certain, even from the little that 
has so far been done, that a very large body of know- 
ledge can be built up by simple investigations requiring 
neither complicated apparatus nor specialised mathe- 
matical training. This is an almost virgin field in which 
interesting discoveries lie ready to the hand of any 
worker who respects the basic principle of simultaneous 
observation, and who possesses a normal quota of 
patience and ingenuity. 


RESEARCH PAPERS 


Some complex relationships between auxin content and 
leaf area in Ipomoea caerulea Koen. The New Phytologist 
51, 116. 

Observations on the symmetry of the shoot in Vicia fabu 
and some allied species, and on the transmission of some 
morphogenetic impulses. Annals of Botany, N.S. 18, 55. 
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SCIENTIFIC INTELLIGENCE 


CHAPMAN PINCHER 


Scientific Intelligence is the knowledge and appraisal of 
foreign developments in science and technology. It in- 
cludes information about new weapons, about devices 
which might be converted to weapons, and about 
research which may have any application to defence. 
Details of the layout of new factories which might give 
clues to a nation’s capacity to manufacture certain 
weapons in an emergency are also of vital interest to 
the Scientific Intelligence officer. 

The great bulk of Scientific Intelligence is culled from 
‘open’ sources—from scientific, technical and trade 
journals, from reports of lectures, company reports and 
newspapers. The Scientific Intelligence worker has a 
date with a desk more often than with an agent, but 
information from the Secret Service, military attachés 
and other ‘closed’ sources are essential to his task. 

Having said that much, it is immediately clear that 
there is no sharp boundary between Scientific Intelli- 
gence experts, though it may well benefit from the 
ordinarily understood. 

Estimating the power of a foreign atomic weapon 
from measurements taken from photographs of the ex- 
plosion is clear-cut Scientific Intelligence. Yet while the 
examination of air photographs for the existence of new 
radar installations must benefit from study by scentific 
experts, it is essentially straightforward Air Intelligence. 

Similarly, study of a smuggled photograph of a 
foreign naval vessel is best carried out by Naval Intelli- 
gence experts, though it may well benefit from the 
observations of a scientific mind versed in developments 
in deck gear for launching guided missiles. 

The point of these examples is to show from the out- 
set that Scientific Intelligence cannot be separated as a 
clear-cut discipline distinct from traditional Service In- 
telligence. It can really mean nothing more than the 
application of scientific methods and scientific minds to 
Intelligence work. Since all three Fighting Services have 
become so technical there can be little Intelligence work 
that is not to some extent scientific. 

Everyone is agreed that scientists must play a leading 
role in modern Intelligence work but the idea of a 
separate department in which Intelligence is specially 
‘scientific —as was previously attempted in the Defence 
Ministry—is not realistic. The best way to make use of 
scientists in Intelligence is to bring their minds to bear 
on all Intelligence matters whenever they can possibly 
be of help. 


THE JOINT INTELLIGENCE BUREAU 


With this conviction in mind the British system of 
Scientific Intelligence has lately been completely re- 
Organised in a way designed to make the entire Intelli- 
gence network into a far more flexible and reliable 
Fourth Arm’ of defence. 

The former rather small Directorate of Scientific In- 
lelligence in the Defence Ministry was formed after the 
war by amalgamating the separate Scientific Intelligence 
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groups in the Navy, Army and Air Force. It has now 
been absorbed into the Joint Intelligence Bureau which 
has been enlarged into a central agency to which all 
strategic Intelligence data—including all that of scien- 
tific interest—will be funnelled. 

By acquiring the former staff of the Directorate of 
Scientific Intelligence the bureau has a permanent team 
of Scientific Intelligence experts, but it is realised that 
much wider use must now be made of specialised scien- 
tific talent outside the bureau. 

The value of calling in fresh minds to tackle problems 
of Scientific Intelligence was abundantly proved by the 
experience of Prof. R. V. Jones, Scientific Intelligence 
Officer at the Air Ministry during the last war. The 
experts working on radar, for instance, were often so 
set along particular lines of thought that they could not 
help allowing their own experience to colour their in- 
terpretations of German developments. As a result they 
were often wrong. Again British rocket experts did not 
believe that the Germans were developing a huge missile 
with a range of more than 200 miles in spite of positive 
Intelligence information. They argued that such a 
device was an engineering impossibility at that time— 
their arguments no doubt being clouded by the fact that 
the largest rocket weapon in their experience was five 
inches in diameter. Only when shown aerial photo- 
graphs of the Peenemunde station in the Baltic showing 
the V2 on its firing stand was the leader of this school 
of opinion convinced of his error. 

The Germans, of course, were just as much at fault 
in this respect. In July 1943—six months after Fermi 
had achieved the first uranium chain reaction in Chicago 
—Dr. Rudolph Mentzel wrote to Goering’s office in 
these terms: 

“The work (the German atomic energy project) has 
progressed considerably. Though it will not lead to the 
production of useful engines or explosives in a short 
time, it gives the certainty that in this field the enemy 
powers cannot have any surprise in store for us.” 


NEW SCIENTIFIC PANELS 


The enlarged Joint Intelligence Bureau—under Mayjor- 
General Sir Kenneth Strong—has now been given 
powers to set up ad hoc panels of scientists and tech- 
nologists to help on particular Intelligence problems. For 
example, if it is reported that a foreign government is 
buying large quantities of, say, silver, a mixed panel of 
economists, metallurgists and weapons experts may be 
called in to assess its possible significance. Or if Intelli- 
gence information suggests that a foreign power is 
developing a new type of radar, specialists from industry 
or the university may be called in to assess what this 
equipment will probably look like, thereby giving a lead 
which can be passed to agents or to the Air Intelligence 
experts who interpret aerial photographs. 

In this way it is hoped to make use of the country’s 
best scientific brains on difficult Intelligence matters. 
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Many, probably most, of the scientists so consulted will 
already be in Government service on defence research. 
It is obvious, for instance, that for any problem in- 
volving an interpretation of information about bacterio- 
logical weapons the best source of talent is likely to be 
the Microbiological Research Department at Porton. 
Undoubtedly the services of such scientists have already 
been utilised to some extent, but under the new system 
it seems to be the intention to make far wider use of 
such specialised talent. The loyalty of outside scientists 
approached on these matters will, of course, be carefully 
investigated first. 

The setting up of a larger central agency for the colla- 
tion and appraisal of Intelligence information should go 
far towards solving the difficulty which all countries 
have experienced—the tendency for the separate Intelli- 
gence agencies to hoard the information obtained from 
their particular sources. 

There is always a danger that information obtained 
at great trouble and risk may be pigeon-holed if the 
agency receiving it spots no particular significance in it. 
To another agency such information may be of vital 
interest. This fact is perfectly illustrated by the back- 
ground of the highly successful R.A.F. raid on the 
German rocket station at Peenemunde on August 17, 
1943, which seriously upset the German long-range 
rocket programme. In spite of a photograph showing a 
giant rocket at Peenemunde a few influential scientists 
clung to the opinion that the weapon was an impossi- 
bility. They argued that the object in the picture was a 
dummy put there to distract our bombers to what was 
in fact an unimportant target. Fortunately the Intelli- 
gence service had managed to get hold of a circular to 
Luftwaffe experimental stations giving new instructions 
for applying for petrol coupons. The stations were 
apparently listed in order of importance, and Peene- 
munde was high enough to be clearly a high priority 
target for the R.A.F. 

Insufficient liaison between separate branches of the 
Intelligence Service also leads to overlapping and dupli- 
cation of efforts on the part of agents. Much Scientific 
Intelligence is of common concern to at least two of the 


Services and often to all three. 


THE JOINT INTELLIGENCE COMMITTEE 


The centralising of all relevant information is essen- 
tial when experts are appraising it to give what is 
generally known as ‘the considered view to the people 
needing it. This ‘considered view’ as regards important 
developments either in the security or political field is 
given by the Joint Intelligence Committee. This is a 
high-level group including the Directors of Military, Air 
and Naval Intelligence, the head of the Joint Intelligence 
Bureau and a Foreign Office representative, one of 
whom currently acts as chairman. 

Intelligence now has a direct voice in the formulation 
of defence policy through the Defence Minister, Mr. 
Harold Macmillan. The strengthening of this voice is 
perhaps the most important outcome of the new 


arrangements. 
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The chief complaint of the working Intelligence man 
is that so often his warnings and advice are ignored, 
Nothing is more damaging to the morale of ‘sources’ 
who are often working in great danger than to see their 
hard-won information producing no action. On the 
other hand, this disadvantage must be balanced against 
the opposite disadvantage, which could be disastrous— 
that premature or over-dramatic action based on 
accurate intelligence may compromise the agent who 
has risked his life to get it. Examples of this, it is said 
by the ‘back-room boys’, could be quoted from within 
the Jast year or two. These instances serve to show 
why it has been alleged—and apparently with good 
reason—that Intelligence has not been represented at a 
high enough level. 

American authorities blamed the Pearl Harbour 
disaster on failure to heed Intelligence warnings. Full 
information warning of the impending Japanese attack 
was found in the Intelligence system afterwards, but it 
had not been properly collated and put forward at a 
high enough political level. It was largely as a result of 
this lesson that the U.S. set up a Central Intelligence 
Agency with a man of considerable influence in charge. 
Among the chiefs of that organisation have been 
General Walter Bedell Smith and Allen Dulles, brother 
of the U.S. Foreign Secretary. 

The new British set-up is along similar lines, but is 
regarded as more flexible than the American machine 
as it leaves the Fighting Services less isolated from the 
central agency—the Joint Intelligence Bureau. It is the 
British experience that the people who interpret and 
collate Scientific Intelligence are most effective when 
they retain continuous and personal contact with the 
Service—Army, Navy or Air Force—in which they 
happen to be most expert. 

No amount of expert crystal-gazing, however, can or 
does completely replace the raw material provided by 
the secret agent. Whitehall is traditionally and under- 
standably reticent on this point, but presumably the 
experience gained in 1939-45 is being put to good use 
in 1954. 

By coming more into line with the American methods 
the British move is certain to cause satisfaction in 
Washington—an important consideration when it is 
security fears which are holding up the interchange of 
information on atomic weapons. 

Prof. Jones proved by his astonishing wartime suc- 
cesses that one specially talented scientist with ‘free run’ 
through the Intelligence network can perform excellent 
services, often of a most unexpected kind. It is to be 
hoped that the Ministry of Defence will not fail to take 
advantage of this experience and will appoint an inde- 
pendent officer with a ‘roving commission’ throughout 
the Intelligence network to bring suitable influence to 
bear on all people responsible for Intelligence. (Since 
this article was originally written, Mr. E. C. Williams, 
formerly Director of Operational Research in_ the 
Admiralty, has been appointed to such a post; he has 
the title Scientific Adviser on Intelligence to the Defence 
Minister.) 
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Double-Beam Oscillograph 
Model 1049 MkII 


Many of the difficult problems with which the Research 
investigator and Development engineer are constantly 
being faced are capable of solution with the aid of the 
Cossor cathode ray oscillograph—as large numbers of 
research organisations throughout the world have proved 
for themselves. 


Model 1049 Mk. II double-beam oscillograph provides 
an ideal specification for a laboratory instrument. Its 
direct-coupled amplifiers each provide a band width from 
zero frequency up to 100Kc/s with gains of 900 and 25 
and are calibrated so that the voltage of the input signal 
is readily measured. The time base operates repetitively 
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or triggered with a time range of 1:5 seconds to 150 
microseconds and can be synchronised from the output 
of either amplifier or from an external source. The 
system is calibrated for time measurements. ‘Z’ modu- 
lating circuits provide a time-marking facility for both 
beams. The display tube is of 4” diameter and operates 
alternatively at 2KV or 4KV, whilst stabilisation against 
mains variations up to 10°, is provided for amplifiers 
and cathode ray tube supplies. 


Photographic recording equipment for this instrument 


is available. 


The Technical Advisory Staff of the Cossor Instrument Division 1s always at your service. 


Please address inquiries to: 


COSSOR som 


A. C. COSSOR LIMITED, INSTRUMENT DIVISION (DEPT. 51), HIGHBURY GROVE, N.5 


C1.62 Telephone: CANonbury 1234 (33 lines). 


Telegrams; Cossor, Norphone, London. Cables: Cossor, London 
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SOME EXAMPLES 

Current examples of the results of Scientific Intel- 
ligence are difficult to obtain for security reasons, but 
one instance is the extraordinary technique devised for 
the long-range detection of Russian atomic explosions. 
This is Scientific Intelligence par excellence. Little is 
ever said of the British system but it certainly exists and 
has functioned efficiently every time a Soviet explosion 
has taken place. The purely scientific method consists 
mainly in collecting upper air samples containing radio- 
active dust. Analysis of the fission products reveals the 
nature and power of the weapon used, but this of course 
does not give the whole story and many of the essential 
facts have to be gathered laboriously by traditional 
means. 

Good Scientific Intelligence is often capable of giving 
much earlier warning of new developments than the 
more conventional Intelligence reports. Thus while a 
good secret agent may reveal that the foundations for a 
strange new factory or submarine yard are being laid, 
the Scientific Intelligence officer may long before have 
been able to deduce that such a development was 
inevitable. Indeed fore-knowledge of this nature may 
enable the recipients to use an idea arising out of the 
work done by an opposing nation before the latter sees 
any defensive significance in the work at all. This hap- 
pened in the case of the atomic bomb. The two German 
workers, Hahn and Strassman, who first split the 
uranium atom, did not at first realise the significance of 
their achievement. Otto Frisch and Lise Meitner, then 
sheltering in Copenhagen as refugees from the Nazis, 
did so immediately. It was their realisation that great 
energy must be released in the process which ulti- 
mately led to the development of the atomic weapon in 
America. 

Inadequate Scientific Intelligence, on the other hand, 
can lead to enormous wastage of effort. It was the 
faulty belief that the Germans were racing ahead with 
atomic weapons which led to the rush development of 
the atomic bomb by the Allies at a cost of £500 million. 
The scientific leader of the American ‘Alsos’ mission, 
which investigated Nazi atom research during the final 
German retreat, reported: “We simply didn’t have 
any spy organisation capable of dealing with nuclear 
physics.” 

It is evident from the published facts about the trials 
of Soviet espionage agents that the Russians are putting 
enormous effort into Scientific Intelligence. (The ‘purge’ 
of Communist scientists from British defence work is, of 
course, a counter-measure.) The effort seems to have 
paid big dividends. It is believed that it was partly 
through extraordinarily effective Scientific Intelligence 
that the Russians were able to produce an operational 
hydrogen bomb ahead of the Americans. In the trans- 
cript of the recent security investigation of Dr. J. Robert 
Oppenheimer it is recorded that Klaus Fuchs, the British 
scientist who worked at Los Alamos, and later admitted 
spying for Russia, took part in conferences concerning 
the Super—as the projected U.S. thermonuclear weapon 
was code-named. The Americans first test-fired a 
deliverable thermonuclear weapon in March 1954. The 
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Russians are understood to have achieved this six 
months earlier. 


THE PIONEER WORK OF PROF. R. V. JONES 


Scientific Intelligence, like all Intelligence work, is of 
course a much more exciting business in wartime, and 
excellent examples of its results—and it anxieties—have 
been put on record by Prof. Jones. 

The best known of his exploits concerns the German 
‘Knickebein’ beam system of guiding Luftwaffe bombers. 
Prof. Jones had clues from Intelligence sources which 
led him to suspect that the Germans were developing a 
radio-beam system for the blind bombing of British 
targets. This suspicion enabled him to warn the men 
who examined crashed German aircraft to look out for 
the receiver which would be fitted in each bomber. As 
a result the receiver was detected in spite of the fact that 
the German scientists had cunningly designed it to look 
like an instrument for blind landing. Prof. Jones was 
able to calculate the frequencies which were probably 
being used, and on the night of June 21, 1940, R.A.F. 
search aircraft proved the presence of the beams. 
Realising the enormous importance of his hunch, Prof. 
Jones had already put in hand research aimed at 
developing counter-measures, so when the night ‘blitz’ 
began in earnest there were enough jamming equipments 
operating to rob the beam system of much of its value. 

It was, of course, Scientific Intelligence which led to 
the repeated attacks on the heavy water plant at Rjukan 
in Norway. Though rather late in the field the Nazis set 
up a small project to explore the possibilities of atomic 
energy for military purposes. Prof. Werner Heisenberg, 
who was in charge of the project, told me that if he 
could have set up a self-sustaining chain reaction in 
uranium, Hitler might have been convinced of the im- 
portance of atomic energy. A small heavy water pile 
consisting essentially of cubes of uranium suspended by 
wires in an aluminium tub filled with heavy water was 
planned. Unfortunately for the Germans, Rjukan was 
so successfully raided that there was never enough heavy 
water to fill up the tub. 

Wartime experience showed that it is essential that 
Scientific Intelligence workers should follow up their 
own leads and hunches without necessarily waiting for 
instructions from the operational staff. Thus Prof. Jones 
has pointed out that if he had waited for instructions to 
locate all the German radar stations he would never 
have been able to accomplish the task in time for 
D-day. Fortunately he was thinking ahead of the 
planners in this regard, and had target locations ready 
for the R.A.F. when required. As a result only one 
German radar station in every ten was able to operate 
effectively against the D-day landings. 

During war, Scientific Intelligence work is greatly 
helped by the examination of captured enemy equip- 
ment. In peacetime the Intelligence officer generally 
has to work with more indirect material, but no doubt 
agents are occasionally successful in securing highly 
secret equipment for examination. No doubt there is 
great activity on both sides of the Iron Curtain to obtain 
samples of the uranium ores currently being worked by 
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the opposing powers. The assessment of what these ores 
signify in terms of output of atomic explosive is Intel- 
ligence so scientific that it is based on work done in the 
laboratory. 


UNEXPECTED WINDFALLS 


Unexpected windfalls occasionally come the way of 
the Scientific Intelligence men even in peacetime—as 
happened in the case of the Russian Mig-15 fighters 
which were landed on ‘Western’ territory by Communist 
pilots seeking political asylum, but it is unlikely that any 
such windfall will ever compare with the famous Oslo 
Report, the existence of which has been officially 
revealed by Prof. Jones. 

During the first few weeks of the war the British 
naval attaché in Oslo received an anonymous letter 
apparently from a disgruntled German scientist saying 
that if he would like a report on German technical 
developments all he had to do was to arrange for a 
signal to be sent over the British news broadcast to 
Germany. The signal would be “Hullo, hier ist London”’ 
instead of the usual opening greeting. This was done 
and a report soon arrived in Oslo. This report revealed 
a mass of information including the fact that the 
Germans had two kinds of radar equipment and were 
developing rockets and rocket-driven glider bombs at 
Peenemunde. As the war progressed !t became clear 
that the information was essentially accurate and it 
proved of great value in anticipating Nazi weapon 
developments. 

During the war, as is well known, scientists commonly 


made hazardous operational flights in aircraft to check 
On enemy radar systems. The Oxford physicist, Dr. 
D. A. Jackson, flew so successfully with ‘Cat’s Eyes’ 
Cunningham, the famous night-fighter pilot, that he 
earned the name of ‘100% Jackson’. Perhaps the out- 
standing example of Scientific Intelligence under combat 
conditions is the story of the Bruneval Raid—the attack 
on a new type of German radar station on the north 
French coast. 

British Intelligence had discovered that the Germans 
had a new type of radar equipment called the ‘Wurzburg 
apparatus. Having deduced that it was probably small 
and would most likely be set up alongside larger radar 
equipment, Prof. Jones made a search of aerial photo- 
graphs looking for a likely speck. He found one near 
Brunevai, and daring reconnaissance by an R.A.F. pilot 
proved that it was like a large electric bowl-fire—as 
Jones had suspected. 

A civilian scientist took part in the seaborne phase of 
the raid but the main job was done by an R.A.F. 
radio mechanic, Flight-Sergeant C. W. H. Cox, who 
parachuted to the site and dismantled the Wurzburg 
apparatus in the dark and under fire. 

It should not be thought that Scientific Intelligence 
is infallible. The confident forecast by U.S. scientists 
that the Russians were incapable of making an atomic 
bomb for at least seven years was an outstanding and 
exceedingly dangerous error. 

However, in this instance it can be argued that the 
mistake was largely due to the scientists’ failure to pay 
sufficient respect to Soviet Scientific Intelligence. 


SCIENCE TEACHING AND NATIONAL SERVICE 


A very forceful speech about the shortage of science masters 
was made by Dr. A. W. Barton, headmaster of the City of 
London School, addressing the annual general meeting of 
the Incorporated Association of Headmasters on December 
31. He said there was firstly an immediate need for drastic 
measures to alleviate the shortage; secondly, permament 
measures were required to reverse the present trend away 
from science teaching. In the Second World War when 
materials were in short supply, they were rationed. A 
rationing scheme should be tried with scientists, who are 
now in short supply. A high-level conference of the interests 
using scientists—industry, the Scientific Civil Service, the 
universities and the schools—should be held to try to 
secure a fairer distribution of scientists in the national 
interest. Dr. Barton did not favour direction of labour, but 
industry and the Scientific Civil Service ought to reduce 
their demands on scientific manpower for a time. 

Dr. Barton pointed out that after the war Britain was 
short of miners to give us Our most precious raw material; 
so coal mining was made a form of national service. Now 
we are short of another precious human commodity— 
science masters. Therefore science teaching should be made 
a form of national service. He said the compromise sug- 
gested in the F.B.I. report on the shortage of science masters 
was fair to neither side; the Services have no use for men if 
they can only have them for six months, and anything less 
than total exemption from military service fails to do justice 
to the importance of science teaching today. Making science 
teaching a form of national service would give us 300 extra 
science teachers for the first two years, and ought to have a 
permanent effect in attracting some fresh men to teaching; 
some of those who opted for this form of national service 
would stay on in the schools. 
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Speaking about the permanent measures that he envisaged, 
Dr. Barton said that the shortage of scientists in general and 
of science teachers in particular was connected with full 
employment, as well as an increase in the demand for 
scientists. Unemployment no longer ‘directs’ scientists into 
teaching; scientists must now be persuaded to take up teach- 
ing. He said that there should be annual lectures to third- 
year science students at the universities by distinguished 
headmasters and assistant masters pointing out the impor- 
tance of the work, its responsibilities and its rewards, both 
spiritual and financial. He said that the lecturers should 
also point out that it is the duty of those suitably qualified 
to take it up. The Appointments Boards and Youth Em- 
ployment Service could help in this connexion. 

Dr. Barton spoke about the fact that research is nowa- 
days a strong counter-attraction to science teaching. He 
suggested that this arose because university staffs uncon- 
sciously influence science students in that direction. “The 
universities must re-examine the relative importance of 
teaching and research,” said Dr. Barton. “When they begin 
to appoint some men because they are distinguished teachers, 
more of their graduates will go into science teaching.” 

Finally Dr. Barton spoke about financial rewards. He 
said that the other measures cannot by themselves succeed 
unless the salaries offered compare reasonably with those in 
other professions open to science graduates. It is to be 
hoped, he said, that the Minister of Education’s recent 
request to the Burnham Committee to decide if the 1954 
Burnham Scales are good enough to attract distinguished 
teachers will produce some effect, as a rise of the order of 
£200 a year is needed to give science teachers the sort of 
financial reward they enjoyed before the war. 
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ELECTRONICS lost to the millions 
who see and hear in 


their own homes events which may be occurring 
hundreds of miles away. It is already an accepted 
part of our lives, to be judged and debated not on its 
technical qualities, but on its value as an entertain- 
ment and its influence on our culture. 

And yet what it is and what it may become depends 
largely upon the scientific research and manufacturing 
techniques that have converted light into electrical 
energy, and electrical energy into light. 

Present day television would be impossible without 
the cathode ray tube. A beam of electrons, modulated 
by received signals, scans a fluorescent screen within 
the tube, and paints upon it a reproduction of the 
original scene or picture. 

Mullard long-life cathode ray tubes are specially 
designed to maintain excellent picture quality over a 
very long period of service. Modern methods of 
production and rigid quality control permit large 
scale manufacture of tubes of consistently high 
performance, even though they are highly intricate 
and complex devices. 

Mullard’s contribution to the 
development of television is, 
therefore, a _ significant one. 
Great manufacturing resources 
are supported by extensive re- 
search and development facilities. 
and these are at the service of an industry which 
leads the world in the progress of electronics. 
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This may be your problem .. . and here is the 
answer... 
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Sterilization with Ultra- 
Violet Radiation 









Ultra-Violet rays offer you 
the finest protection 
against infection of wash- 
ing and _ special process 
waters, also against contami- 
nation of products by airborne 
bacteria or moulds on conveyor 
belts, etc. Hanovia manufacture equipment 
designed to combat these difficulties. The 
Hanovia Water Sterilizer will supply bacteria- 
free water up to 2000 gallons per hour without 
altering its taste or mineral properties. In . . 
addition their bactericidal lamps for the disinfection of the air are 
made in various forms to suit different circumstances. 


Please write for full details to: 


The specialists in 
ultra-violet ray 
equipment for ail 
applications. 
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Tuere is an increasing demand for graduates in 
Science, particularly in industry, which offers interest- 
ing careers with excellent prospects. You may prepare 
for London University Entrance, Intermediate and 
Final B.Sc. (General or Special) at home and in your 
spare time by means of the individually-conducted 
Postal Courses provided by Wolsey Hall (founded in 
1894). Fees are moderate, and may be spread over the 
period of the Course. Prospectus may be obtained 
from C. D. Parker, M.A., LL.D., Director of Studies, 
Dept. WM 84, 


WOLSEY HALL, OXFORD 
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FISH FARMING 


PAST AND PRESENT 


C. F. HICKLING, C.M.G., M.A., Sc.D. 


Fisheries Adviser to the Colonial Office 


I often notice that people in Britain seem surprised 
when fish farming is mentioned as if the idea strikes 
them as a novelty. But fish farming is of respectable 
antiquity, and for generations has been an important 
source of fish for food. It has recently been estimated 
that the world’s fishponds produce nearly five hundred 
thousand tons of fish annually, and this is not a neg- 
ligible proportion of the total supply of fish for human 
consumption. 

During the Middle Ages, the cultivation of fish was 
widely practised in Europe, including England and 
Wales and southern Scotland. Fishponds, stewponds, 
or stews, were a regular feature both of the great estates 
and of the lesser manors. In these ponds, fish were bred 
and reared, or kept alive in store, for use as and when 
needed. We may recall, in Chaucer’s Canterbury Tales, 
the Franklin . . . that great lover of good living... 
who had 


“Many a bream and many a luce in stewe.” 


The remains of these fishponds may still be seen in 
many, or perhaps in most, of the old ruins. I can 
recall at once those of Fountains Abbey, St. Davids, 
and Raglan Castle. When Raglan Castle fell to the 
Parliamentary besiegers in 1647, the country folk cut 
the dykes of the fishponds, and, in the ‘words of the 
chronicler, “had great store of very large carps and 
other large fish”’. 

But in this country, fish farming, which had probably 
never been really important, died out some time in the 
19th century, when a number of factors combined to 
bring fresh sea fish to a wider range of people than ever 
had access to pond-reared fish. The new macadamised 
roads, and then the railways, speeded up transport; the 
use of ice, at first natural ice imported from Norway, 
assisted preservation; and, finally, the rise of the great 
trawling fleets, operating over an ever-widening area, 
produced and distributed fish on a scale adequate for 
our needs. Nor is it likely that fish farming will ever 
occupy an important place in British husbandry. It is 
true that when war breaks out and we have to overhaul 
our natural resources for food production, there is a 
slight revival of interest, which, in the case of the last 
war, resulted in the very instructive experiments on the 
effect of adding artificial fertilisers to enclosed arms of 
the sea in western Scotland. 

There are many trout farms in this country, and these 
produce fish for the table; but this is a luxury trade, and 
in any case the main business of most trout farms is to 
produce fish for stocking rivers and lakes for sport. This 
is valuable work; but such farms cannot be said to make 
any serious contribution to our food resources. 

In Central Europe it is a different matter. In lands 
such as southern and eastern Germany, Poland and 
Yugoslavia, remote from abundant supplies of sea fish, 
fish farming is important. For example, before the war 
a substantial proportion of all freshwater fish produced 
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in Germany came from fishponds. I have been told, 
by men who have run mixed farms which included fish- 
ponds, that the ponds paid better than any other branch 
of their farming business. Carp, and to a lesser extent, 
trout, are the fish chiefly produced. Only a short time 
ago I was shown over the great fish farming research 
station at Wielenbach, in Bavaria. This station has been 
established for nearly fifty years, and has done more 
than any other foundation to improve the technique of 
fish farming. It is, in fact, the Rothamsted of fish 
culture. 

In temperate climates, the onset of winter sets an 
annual limit to the growth of fish, which are creatures 
whose bodies take on the temperature of the water they 
live in. In winter they take little food, and in fact there 
may be little natural food available for them. Growth 
takes place chiefly during the months from April to 
October. So much is this the case, that, in Germany, in 
October and November the big production ponds are 
emptied, and the fish are removed into small and deep 
storage ponds until the spring, when they are planted 
out again to resume their growth. In effect, they have 
only six months’ growth each year. Yet very good rates 
of production are achieved in these ponds, and the 
weight of flesh, as fish, produced per acre, exceeds the 
weight of flesh, as meat, produced by very good grazing 
land. 

In the tropics, conditions are much more favourable, 
for there is no winter in the sense that the water tem- 
perature falls to the point where the growth of the fish 
ceases. There is some seasonal change in the tempera- 
ture, but the variation is usually small and the tem- 
perature always high. So there is little or no check to 
the growth of the fish; and provided there is sufficient 
food, remarkable crops of fish can be obtained in 
tropical fishponds. 

My concern is with the fisheries of the British colonial 
territories, and as most of them are within the tropics, 
fish farming is a matter of importance to us. But I do 
not wish to give an impression that fish farming is our 
only concern, or even our chief concern. There are 
great actual or potential fisheries in the seas, lakes, 
rivers and swamps; and the development of these 
natural fisheries, to improve the diet and increase the 
prosperity of the indigenous peoples, is an important 
aspect of economic policy which is being successfully 
pursued. But fish farming can supplement these natural 
fisheries to a valuable degree, especially as fish reared in 
ponds are under control, and can be harvested easily 
and when required. In contrast, natural fisheries are 
subject to all the uncertainties and vagaries of luck and 
weather: in fact, fish farming bears the same relation to 
fishing, as stock raising does to hunting. 

But though the high temperatures of the tropics 
favour fish farming, the rainfall may be an adverse 
factor. For example, there may be a long dry season, 
when the streams cease to flow, and there may be years 








FEBRUARY 1955 DISCOVERY 





FIG. |. A fishpond in South China under a rice crop. 


of drought when the rains fail altogether. Fishponds, 
of course, depend on perennial water supplies. On the 
other hand, there may be rains so violent that heavy 
flooding occurs, in which fishponds may be submerged 
or even swept away. Then, again, the soil must hold 
water, since losses of water by soaking into the soil have 
to be replaced, and aggravate the problem of water 
supplies. 

I think I have shown that there are serious limita- 
tions; yet most tropical territories have areas where fish 
farming is possible. So it is well worth while to 
encourage this technique, for the yield of fish per acre 
of pond frequently exceeds half a ton, and sometimes 
even exceeds a ton a year. So a territory which has a 
couple of thousand acres of fishponds has a very 
valuable reserve of fish. Moreover, fishponds are versa- 
tile. I stated earlier that in temperate climates the fish- 
ponds can be drained in the winter. Sometimes in the 
following spring they are not refilled with water and 
restocked with fish. Instead they are ploughed and 
sown like any other field, and a crep of clover, or 
lucerne, or grass or cereal, grown. Cattle may be grazed 
in them. This is because it is usually a good thing to 
expose the pond bottom to the sweetening effect of the 
air, and during that time a land crop can profitably be 
taken. In the tropics, a crop of rice may be taken alter- 
nately with fish (Fig. 1), or a genuine land crop may be 
grown in the dry pond. 

Fish farming almost certainly began in China two 
thousand or more years ago, and to this day the Chinese 
are the chief exponents of fish farming. In 1947 I had 
the chance of travelling up the West River of China and 
down into the Pearl River Delta, south of Canton. I 
remember climbing a small hillock and looking across 
a view in which half the land was under fishponds. The 
Chinese have taken the technique with them in their 
emigrations to Malaya, Singapore and Borneo, as well 
as Hong Kong. But now fish farming is developing in 
Africa, and starting in the West Indies, where it was 
previously unknown. 

I shall never forget that visit to South China, and 
there is no denying the beauty that fishponds lend to 
the landscape. Their regular embankments, grown with 
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grass and planted with fruit trees, make, with the 
sparkling water, a pastel sketch in blues and greens. 

The principles of fish farming are easy to grasp. The 
ponds are made of a shape and depth to get the maxi- 
mum of warmth and light from the sun, the source of 
all the natural food in the ponds. The growth of this 
natural food is increased and stimulated by the addition 
of fertilisers, which increase several-fold the quantity of 
plants, especially the very small planktonic plants and 
algae. These may be used directly by the fish, or they 
may nourish crustacea and insects which in turn are 
food for the fish. The result of fertilisation is usually a 
green and opaque water, due to the dense growth of 
minute plants; and this is why fishponds are usually 
shallow, say no deeper than four to five feet. Water 
deeper than that would be unproductive, since all sun- 
light would have been used up by the cloud of minute 
plants nearer the surface. 

One of the reasons for the high yields of tropical fish- 
ponds is the use that is made of plant-eating fish. 
American workers have estimated that there may be a 
loss of 90% of the calories fixed by the plants in the 
presence of sunlight, for each link in the food chain. 
So a fish that feeds directly on plants is likely to be 
more economical to rear than one that feeds on animals 
which in turn have fed on plants. 

The fertilisers used in fishponds are the same as those 
used on land. Stable manure is commonly used when 
available. In Malaya there has grown up, in the last few 
years, a very efficient and profitable combination of 
fishponds and pigsties. The washings from the pigsties 
are led along channels into the fishponds, where a 
very dense plant growth develops. There is thus a 
double yield, of pigs and fish, and at times the fish pay 
better than the pigs. The system, which is being actively 
encouraged by the Fisheries Department of the Federa- 
tion of Malaya, is really a salvage of waste material 
from the pigsties, giving a double crop for the same 
expenditure. 

In any case, fishponds are usually combined with 
market gardens, and with the raising of pigs, ducks, 
geese and chickens. Fruit trees, and especially bananas, 
are grown on the pond banks (Fig. 2). In one fish farm 
I saw in China, the fishponds were associated with a 
small silk factory. Mulberry bushes were grown on the 
banks of the ponds and on nearby land. The silkworms 
were fed on the mulberry leaves. After the silk had 
been wound off the cocoons, the silkworms were returned 
to the ponds to feed the fish. Even the droppings of the 
silkworms were returned to the ponds. To complete the 
merry-go-round, the pond bottoms were scraped at in- 
tervals, and the fertile mud used as fertiliser for the 
mulberry bushes. 

But mineral or artificial fertilisers are equally effec- 
tive, and are widely used. The most important are lime 
and superphosphate.* Very roughly, the correct dose 
of lime will double the yield of a fishpond on acid soil, 
and lime plus superphosphate will double the yield 
again. Moreover, fertility gradually accumulates, and 


* Mortimer, C. H. and Hickling, C. F., Fertilisers in Fish- 
ponds. Colonial Office Fishery Publication No. 5, 1954. 
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FIG. 2. A fishpond in Malaya. Men are netting out young fish 
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FIG. 3. Brackish water fishponds near Jakarte, Java. The turnbuckles of the sluice gates are seen, 
and prawn traps in the canal to the left. Beyond the canal, a large production pond can be seen. 
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the yield of fertilised ponds tends to increase as the 
years go by. Potash is seldom necessary as a fishpond 
fertiliser, except in some peaty or sandy soils. The value 
of artificial fertilisers containing nitrogen, such as sul- 
phate of ammonia or chili saltpetre, seems doubtful. 
Long and thorough tests show that ponds fertilised with 
lime and superphosphate only give almost, or quite, as 
much fish as ponds to which a nitrogenous fertiliser is 
also given. Nitrogenous fertilisers are expensive, so it is 
doubtful whether a fishpond owner would get any 
worth-while return for an investment in them. 

The reason, almost certainly, is that many organisms 
in fishponds, and especially the blue-green algae, have 
the power of fixing nitrogen from the atmosphere. If 
in this way they are able to supply the pond with the 
necessary nitrogen, the addition of nitrogenous fertilisers 
will produce little or no benefit. 

The fish, under the fish farmer’s control in a pond, are 
therefore able, so to speak, to feed at a well-spread 
table, for they have not only the food naturally pro- 
duced, but the great increase of natural food due to the 
fertilisation of the water. In this way, the yield of fish 
from a pond may be increased from 100 Ib. per acre 
annually, to 600 or even 800 lb. at a very moderate 
cost. But the growth of fish may be increased much 
further by artificial feeding. Obviously the foods sup- 
plied must be cheap, for it takes several pounds of food 
to make one pound of fish. Such foods include rice 
bran, the waste from soya bean factories, the sweepings 
of corn mills, and oilcakes such as copra cake, cotton- 
seed and groundnut cake. Fish very soon learn to gather 
round when food is expected. 

Trout, of course, being carnivores, cannot be fed on 
such wastes, but must have meat, such as slaughter- 
house offal, chopped liver and spleen, and fish and 
shrimp scrap. 

When artificial foods are added to a pound, it is no 
longer accurate to speak of the yield of fish per acre, 
except as a matter of convenience. But I can say that 
ponds which are fertilised, and in which the fish are 
also given artificial food, produce very great weights of 
fish. In Malaya, Palestine and the Belgian Congo, 
yields of more than two tons of fish per acre annually 
have been obtained, and yields of one ton are common 
practice. There are few other ways in which so great a 
weight of flesh can be produced in so small an area, and 
this is a great economic advantage of fish farming. 

So far, I have been writing exclusively of freshwater 
fishponds. But there are also brackish water fishponds, 
situated on river estuaries and along the shores of salt 
marshes. These ponds are most highly developed in 
Indonesia and the Philippines. In Indonesia there are 
250,000 acres of such brackish water ponds; and though 
the yield of fish per acre is generally low, say 300 Ib. of 
fish per acre annually, it is obtained at no great cost, and 
the aggregate crop of fish from so vast an acreage is very 
great, and most important in the economy of those over- 
crowded islands. These ponds are worked in conjunc- 
tion with the tides (Fig. 3). They are filled and kept 
topped up, on high spring tides, and harvested by drain- 
ing at low spring tides. The most fertile brackish water 
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fishponds are on muddy soils, the least fertile on sandy 
soils. * 

Many species of fish are suitable for pond culture. 
The common carp, of course, is very widely cultivated in 
the tropics as well as in Europe. It is a genuine domes- 
ticated fish, and has been bred in captivity for at least 
two thousand years. Like other domesticated creatures, 
it is Known in many different varieties. In India, a wide 
range of near relatives of the carp are cultivated, includ- 
ing species which feed on plants. There is a snag, how- 
ever. Many valuable species of fish that are raised in 
fishponds will not breed in captivity, and so their young 
must be caught in the wild for stocking the ponds, 
In such cases, there is an ancillary trade in fish fry, and 
many merchants specialise in this trade. Among these 
species are the four or five most valuable species of 
Chinese carp, the young of which are caught in great 
nets fixed to bamboo frameworks erected on the banks 
of the West River of China. I believe I am one of the 
few Europeans who has seen the capture of these fry, 
which are sorted out with amazing ingenuity in numbers 
running into scores of millions each season. The fry are 
bought by merchants who dispatch them, nowadays 
often by air, to Thailand, Formosa, the Philippines, 
Malaya, Borneo and Indonesia, as well as to the various 
fish farming areas of China. 

The principal brackish water species that are culti- 
vated are the milkfish (chanos), a herring-like silvery 
fish which grows very quickly to a pound or more in 
weight, and the grey mullets. Both these species breed 
in the sea; the milkfish indeed grows to a length of three 
or four feet in the sea. There is an ancillary trade in the 
fry of milkfish, which are caught in hand nets chiefly 
along sandy beaches. Prawns, the young stages of which 
enter the ponds with the inflowing sea-water, are a very 
important part of the crop. 

In Africa, a group of fishes called the Cichlids is 
interesting for fish culture. There are no wild represen- 
tatives of this family in Britain, but they flourish in 
aquaria, and may be seen for instance at the London 
Zoo. From Africa, one species has been acclimatised in 
the Far East, and in the West Indies and America. These 
fish have most of the qualities needed for pond fish, 
being hardy, easily bred, and to a large degree plant 
and plankton feeders. They are easy to breed because, 
in most species, one of the parents, usually the female, 
incubates the eggs in her mouth, and in fact may con- 
tinue to give them refuge in her mouth even after they 
have hatched out. 

Fish farming must produce, at a profit, fish of a 
kind and size acceptable to the consumer, at a price he 
can afford to pay. The ponds must be built where soil 
and water are right; fertiliser and fodder must be cheap, 
and the fish farmer must have the patience and skill to 
look after his stock. Like most other techniques, fish 
farming can be continually improved by research and 
propaganda; and this is one of the things which the 
Colonial Office, and the devoted and hard-working 
fishery staffs of the Colonial territories, are doing. 


* Schuster, W.. Fish Culture in Brackish Water Ponds of 
Java. Indo-Pacific Fisheries Council Pubns. 1. F.A.O. 
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THE WATER BUGS: A STUDY IN 
ADAPTATION 


T. T. MACAN, M.A., Ph.D. 


Freshwater Biological Association, Ferry House, Far Sawrey, Ambleside, Westmorland 


Indians in Mexico eat the eggs of certain water-bugs 
but otherwise the group is of little practical importance. 
It is not even of much value as fish food, being one of 
the few which in general fish tend to avoid. It holds a 
fascination for the naturalist because, although its num- 
bers are small compared with, for example, the water- 
beetles, it has shown considerable enterprise when 
tackling the problem of taking up an aquatic life. 
Eighty-one species are listed in the well-known check- 
list of Kloet and Hinks, and Brown (1951) has added 
one more; Macan (1939) and (1941) has written Keys 
whereby British species may be named. 

Classification need not detain us here. It would be 
heresy on the Lysenko plane to suggest that classifica- 
tion of animals should not be based on natural affinity, 
but there is no denying that a system that is constantly 
changing has its inconveniences and on natural affinity 
almost every expert has his own opinion—in moments 
of exasperation one feels inclined to call it whim. 
Suffice it, therefore, for the naturalist to divide the water- 
bugs into those that live upon the surface fiim, those 
that swim actively through the water, and those that 
walk upon the bottom. 

Surface dwellers include: Gerris, the pond-skater; 
Velia, the water-cricket; Hydometra, the water-measurer; 
and some smaller ones which may be passed over. 
Gerris (Fig. 1) is a long narrow insect whose middle 
and hind legs are elongate and provided at the tip with 
hydrofuge pads, the claws being displaced from the 
usual terminal position. In moments of stress, pond- 
skaters proceed by a series of leaps, but generally they 
cruise about with sweeps of the legs which are worked 
like the oars of a boat. They possess the piercing and 
sucking mouthparts characteristic of the Order Hemip- 
tera or Bugs, and like all the aquatic ones, except the 
Corixidae, they are carnivores, subsisting mainly on 
air-borne insects that come to grief on the water. Velia 
(Fig. 2) has shorter legs and the members of a pair move 
alternately, not together as do those of Gerris. The food 
is similar, though Walton (1943) records that they also 
attack insects with aquatic young at the critical time 
when the adults are emerging. One of the noteworthy 
features of Velia, and of several other surface dwellers 
and some truly aquatic species too, is the occurrence of 
occasional winged specimens in populations that are 
predominantly without wings. Both wings and wing- 
covers are wanting in Velia, though in some species of 
Gerris an intermediate stage in which both are short is 
known. In the under-water species wing-covers are 
always fully developed, whether wings be complete, 
short, or absent, perhaps because they cover a storage 
space in which the air bubble may be kept. Nepa, the 
water-scorpion, has fully formed wings but degenerate 
muscles. Agreement on the cause of the imperfectly 
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winged condition has still to be reached. One school of 
thought holds that it is a question of heredity, and 
another that good feeding and generally favourable con- 
ditions produce specimens capable of flight. Dr. H. B. N. 
Hynes, working in the West Indies, had the impression 
that winged forms were commoner towards the edge of 
the range of each species. 

Hydrometra (Fig. 3) is a freak, even among water- 
bugs, with a very narrow body, an enormously long 
head and long legs of astonishing slenderness. It walks 
over the water surface on all its six legs and feeds on 
aquatic organisms as well as those that it finds on the 
surface. Walton's (1943) account of its feeding is worth 
quoting: “While standing on the water it can feel the 
small pulsations set up by a water-flea swimming just 
under the surface film, whereupon it dips its long 
slender rostrum into the water, feeling around with the 
flexible tip, and shifting its position till the little crus- 
tacean comes near. Then with a sudden, tiny, quick jerk 
it harpoons the unfortunate flea with its strongly-barbed 
stylets. If the water-flea is small it is pulled through the 
surface film and carried about on the end of the rostrum. 
A large water-flea will put up a fight, but the Hydro- 
metra plays it like a fisherman, using its rostrum as a 
rod and the stylets as a line, until some vital organ is 
damaged.” This technique requires long stylets and 
accounts for the length of the head. 

The surface dwellers leave the water at the end of 
summer and hibernate in some crevice on land, whereas 
most of the bugs that live in the water are active 
throughout the year. Under ice the diffusion of gas from 
the water in which they swim, into the bubble that they 
carry with them, must presumably suffice for their respira- 
tory needs, which are small at low temperatures, though 
they may often find beneath the ice or on plants bubbles 
from which they can replenish their store. Wesenberg- 
Lund (1943) records finding many dead Corixidae and 
Notonectidae after a long winter with thick snow on the 
ice, and attributes it to the deoxygenation of the water 
by decay of debris on the bottom. Farther north this is 
likely to be of regular occurrence and the effect on the 
distribution of air-breathing aquatic animals must be 
important though no study of the subject is known to 
the writer. 

One other surface dweller must be mentioned, for it 
has achieved something which very few members of the 
insect class, so successful on land and in fresh water, 
have managed to do—it has gone to sea. Halobates 
occurs in both Atlantic and Pacific Oceans, though only 
in the warmer regions. A number of species have been 
described and some of them apparently spend their 
whole lives right out in the open sea far away from 
land. Halobates resembles Gerris in general form, but 
a nymphal Gerris both in the invariable absence of 
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FIG. 1. Gerris lacustris. 
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FIG. 5. (Left) Jlvocoris cimicoides. (12 mm.) 
FIG. 3. Hydrometra stagnorum. (10 mm.) FIG. 6. Aphelocheirus montandoni. (10 mm.) 
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wings and in the very short abdomen. People in the 
middle of the ocean are generally in some vessel too 
high out of the water to permit observation of small 
insects on the surface, and it is not surprising that little 
is known about what Halobates eats, where it lays its 
eggs and other details of its life history. 

The largest of the swimmers in British fresh waters is 
Notonecta, the water-boatman or backswimmer (Fig. 4), 
to use an alternative and appropriate name. This insect 
spends most of its time at the surface, pressing against 
it, because it is lighter than water, at five points: the tip 
of the abdomen and the tips of the front and middle 
legs. The hind legs, long, flexible, and provided with 
hairs that make an efficient paddle capable of driving 
the possessor through the water at speed, are spread out 
like the oars of a racing skiff awaiting the starting-gun, 
and the first two pairs of legs are ready to seize any- 
thing that comes within reach. Walton (1943) notes that 
it is attracted to any disturbance of the water surface, 
but though it is so well adapted to prey on anything 
trapped in the film or that comes to the top for air, it 
does not confine itself to such prey and is one of the 
fiercest hunters of the under-water world. It can inflict 
a painful wound on the finger of anyone who, in 
handling it, gives it a chance to do so, and Wesenberg- 
Lund mentions its biting cows’ noses when they come 
toa pond to drink. 

The middle of the under-surface, which is actually 
the surface usually uppermost, is raised in a ridge, and 
a line of hairs spring.from either side of it to meet a 
similar line inserted on the edge of the body and these 
roof channels which hold air. There is also a bubble 
beneath the wings. Frequently the hind legs can be 
seen stroking these hairs, and the purpose of this action 
is not only to clean them but to transfer oil to them 
from special glands and keep them waterproof; the 
process is analogous to the preening of birds. 

Ilyocoris (Fig. 5), which will be more familiar to older 
readers under the name Naucoris, always reminds me of 
those people who write the Lord’s Prayer on the area 
of a threepenny-bit or construct a wireless set within a 
match-box. It would seem that Nature was in a frolic- 
some mood when it designed //yocoris and set out to 
construct an animal with all the necessary organs in the 
least possible space between the upper and under sur- 
faces. It has no popular name to my knowledge and 
the Swimming Saucer Bug is suggested as one that is 
both descriptive and topical. The insect is frequently 
found in weedy ponds in south and east England and Is 
acarnivore though not as good a swimmer as Notonecta. 
It, too, can pierce the human finger and Wesenberg- 
Lund writes that he would rather be stung by a bee. 

Notonecta, Ilyocoris and the Corixidae depend on the 
air for a supply of oxygen and carry a bubble along 
the under surface and beneath the wing-covers. A phelo- 
cheirus montandoni (Fig. 6) has evolved a system that 
tenders it independent of the air. An insect with a 
bubble does not make use only of the oxygen that it 
brings down from the surface, for, as it uses oxygen, 
equilibrium between the bubble and the water is 
restored by diffusion of oxygen into the bubble and of 


nitrogen out of it. However, the diffusion of oxygen is 
more rapid than that of nitrogen and therefore the 
bubble acts to some extent as a gill. But the bubble is 
growing smaller all the time and eventually it must be 
renewed. Only if it could be maintained at a certain 
size could it function permanently as a gill. Aphelo- 
cheirus has achieved this, as Thorpe (1950) has recently 
shown, by means of a fine pile of hairs set so close 
together that considerable pressure is required to force 
water between them. At depths at which A phelocheirus 
normally occurs, and indeed deeper, the pressure is not 
great enough, consequently the air space between them 
remains constant in volume, and the oxygen that the 
bug uses for respiration is replaced continuously by 
diffusion from the water. Having evolved this device, 
A phelocheirus has been able to occupy a niche barred 
to species that must come to the surface periodically, 
and it lives in fast rivers among the stones on the 
bottom, often in quite deep water. Incidentally, it is 
difficult to catch in consequence and is quite likely not 
as rare as commonly supposed. 

Finally, there are thirty-six under-water swimmers 
belonging to the Corixidae (Fig. 7), a family that is 
remarkable in many respects. First these bugs are 
capable of much less piercing than the others, and feed 
mainly by sweeping up particles off the bottom. They 
will, however, suck the juices of a wounded animal and 
do sometimes inflict a wound on their own. Sutton 
(1951) has suggested that the corixid mouthparts are 
primitive and not, as is generally held, a degenerate 
derivation from the piercing and sucking type. 

Other structural peculiarities are the various modifi- 
cations of the male. In both sexes the hind legs are used 
for swimming, as are those of Notonecta, the long 
middle legs for anchoring, and the forelegs for sweep- 
ing up food. The foreleg consists of a short femur, a 
very short, almost round, tibia, and a short robust tarsus. 
In the male this is flat and of a shape that is different 
in almost every species; the margins bear long hairs and 
across the middle there is a line of stout pegs which 
may or may not be interrupted in the middle and is also 
of great value in distinguishing species. The female 
head is convex in front but the male has a flattened or 
concave, sometimes deeply concave, area, and this, too, 
is of a characteristic shape in many species. The last 
few segments of the abdomen are irregular and the sixth 
bears on the upper surface a black round or oval struc- 
ture consisting of what looks like a row of combs. It 
may be relatively large or quite smali, and some species 
lack it. Naturally these modifications have attracted a 
good deal of speculation. It has been suggested that 
some assist the copulating male to grip his mate, but it 
is not clear why, in two species whose females are very 
similar, these male organs should be so different. 

Another point about which there has been hot debate 
is how some species of these ‘water-cicadas’, as the 
Germans call them, produce the surprisingly loud 


_cricket-like chirp, which will be familiar to all who have 
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kept them in aquaria. It has been thought to be pro- 
duced by the pegs on the fore tarsus rubbing across 
ridges on the front of the head, or, according to another 
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FIG. 7. Corixa dorsalis. 
school, across those of the opposite leg. The opinion of 
Prof. Hungerford, perhaps the most eminent living 
specialist on the group, is that the pegs have nothing to 
do with the chirp; he supports the observations of a 
German worker that the bugs make the noise by rubbing 
a part of the femur provided with a patch of small 
spines against the sharp side of the head. 

During the last 25 years, the Corixidae have attracted 
a good deal of attention from ecologists because each 
species has an unusually clearly-defined habitat. Much 
of this work is discussed in a recent paper by Macan 
(1954), who recognises three main groups. In the first 
are species common in ponds and pools on heaths, 
mvoorlands and mountains, that is places where there is 
only a small amount of lime in the soil. These species 
are not often found in other kinds of places, and other 
species are not often found with them. The next two 
groups are less mutually exclusive; the second includes 
species found in ponds on rich lowland soil, the third 
species commonest in lakes and rivers. Within each 
group it is possible to associate each species more 
exactly with features in the environment. In a lake, for 
example, the occurrence of different species appears to 
be related to the proportion of inorganic and organic 
material in the bottom. 

Tnere has been much description of the habitats of 
the various species but little advance towards explaining 
how each is restricted to a narrow range of conditions. 
Some species are lighter in colour than others and 
within one species there is variation, which Popham 
(1943) has shown to be related to the colour of the back- 
ground on which the specimen grows up. A specimen 
kept confined over a background that it does not match 





FIG. 8. A Belostomatid. (Length, 90 mm.) 





FIG. 9. Nepa cinerea. (65 mm.) 

is restive and endeavours to escape, and in aquarium 
experiments Popham (1941) showed that fish took such 
specimens more readily than those which harmonised 
with the background. This, however, does not explain 
why, for example, a black peat is inhabited by Corixa 
scott and a rich mud of similar colour by another dark 
species, C. linnei, and a complete explanation is still 
to seek. 

The solution lies in the realm of ecology rather than 
zoogeography with one possible exception, which is 
worth mentioning since it is a case where casual collec- 
tions may be much more valuable than they usually are. 
Anyone who has a chance to collect in lakes in southern 
and western Ireland may find C. pearce/, a species first 
taken by the Rev. E. J. Pearce in L. Derg and named 
after him by Walton. Recently the writer has found it 
in several more lakes not far from L. Derg and his 
impression, which needs confirming, is that it occupies 
the niche elsewhere occupied by C. dorsalis (C. striata). 
It is very close to a North American species, and a 
reasonable hypothesis is that it has somehow crossed 
the Atlantic and become a distinct species through isola- 
tion. When two species of different origin occupy the 
same habitat, one is often advancing at the expense of 
the other and therefore it would be interesting to have 
the present range of C. pearcei accurately mapped so 
that future collections could reveal any change. Some 
would argue that, since C. pearcei is distinct from the 
American species, it must have been separate from it 
for a long time, but structural differentiation has been 
known to occur within a few decades of isolation of part 
of a population, and it may be a comparative newcomer. 

The extent to which these bugs fly about is important 
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in the study of their ecology. Mr. E. S. Brown recently 
observed a pond that dried up during the summer and 
found in it no less than twelve species. By comparing 
the number of each with the abundance in neighbouring 
places, he calculated a figure for relative migration rate 
and found considerable differences. Both he and 
Popham, who approached the problem in a different 
way, concluded that C. dorsalis is among those that 
move about least, but Leston and Gardner (1953) and 
Brown (1954) found just the reverse in catches made 
with a mercury-vapour lamp trap. Previous workers 
had taken few corixids in light-traps possibly because, 
as Mr. D. Leston has suggested in a personal communi- 
cation, these traps, unlike the mercury-vapour ones, did 
not throw a beam directly upwards. This sort of work 
is probably one of the main growing points in corixid 
ecology just now and comment on the results would be 
premature. 

To the family Belostomatidae belong the Giant Water- 
bugs, one of which is shown life-size on Fig. 8. None 
occurs in this country, though various genera are widely 
distributed through tropical and subtropical lands. They 
are carnivorous, like most of their relatives, and large 
enough to be a pest in fishponds. Many fly readily, 
and Wesenberg-Lund writes that in America they are 
known as ‘electric light bugs’ on account of their habit 
of flying into and stunning themselves against street 
lights. The eggs are generally glued in a pile to a stick 
or a stone but in some genera to the back of the male— 
a good idea, one might suppose, in tropical ponds where 
oxygen may disappear rapidly except in the layers right 
at the surface, but not one apparently that commends 
itself to the male. He keeps a wary look-out for design- 
ing females and flees headlong if one approaches, 
usually, however, without avail, for she is fleeter and 
stronger than he. 

Finally come two more of Nature’s bizarre creatures: 
the water-scorpion and the water-stick-insect, both car- 
nivores that cannot move through the water at more 
than a sedate walk and do not chase their prey but 
ambush it. Nepa, the water-scorpion (Fig. 9), is flat and 
brown and hard to distinguish from a fragment of dead 
leaf as it lies half-buried in the mud at the edge of the 
pond. A long tail, which is actually composed of two 
filaments, puts it in communication with the air so that 


f —.\ 











FIG. 10. Ranatra linearis. (35 mm.) 


it can lie motionless in shallow water till some animal 
comes within reach of its penknife-like front legs. Then 
the penknife closes in a fast embrace and the prey is 
impaled on the short proboscis and held till all that it 
has to yield has been sucked out. Ranatra, the water- 
stick-insect (Fig. 10), is less common than Nepa but 
possibly not so rare as generally thought, on account of 
the difficulty of distinguishing its long round body and 
thin legs from the stems of the water-plants at the 
bottom of a pond-net. It is generally found in weed but 
otherwise its habits are like those of Nepa. Ranatra 
takes readily to the wing and there is a Russian record 
of a mass flight, which must have been an impressive 
sight, and indeed an alarming one, to those unfamiliar 
with this insect. 
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This 120-ft. pile building at Calder Hall, Cumberland, Britain's first atomic power station, will soon be completed. 
It will house one of the station’s two identical power reactors, which will be brought into operation next year. 
These piles will use natural uranium moderated with graphite, and they will be cooled by carbon dioxide under 
pressure. Fabrication of the steel pressure shells which will surround the reactor cores has been carried out 
on the site; the first of these shells, which must withstand the high pressure of very hot carbon dioxide 
without leaking at their welded seams, is now complete and is undergoing strict tests for gas-tightness. 
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Night Sky in February 

The Moon.—Full moon occurs on Feb. 
1d Olh 43m U.T., and new moon on 
Feb. 22d 15h 54m. The following con- 
junctions with the moon take place: 


February 
5d07h Jupiter in con- 
junction with 
the moon =_ Jupiter 2°N. 
14d 14h Saturn .. Saturn 6°N. 
i8d21h Venus . Venus 1°N. 
21d08h Mercury .. Mercury 0°5’S. 
26d 20h Mars .. Mars 4° S. 


The Planets—Mercury sets at 18h 
25m on Feb. 1, or about 14 hours after 
sunset and can be seen in the western 
sky, but rapidly draws nearer to the sun 
and is in inferior conjunction on Feb. 
12. At the end of the month it rises 
nearly an hour before the sun, but will 
not be an easy object to observe. Its 
close approach to the moon on Feb. 21 
has already been noticed. Venus, a 
morning star, rises at 4h 45m, 5h and 5h 
10m at the beginning, middle and end 
of the month respectively. Owing to 
its fairly large southern declination the 
planet will not attain a great altitude 
but will easily be seen in the eastern 
sky, stellar magnitude —40 to —3°8, 
the visible portion of the illuminated 
disk varying from 0°557 to 0°650. The 
distance of Venus from the earth varies 
from 67 to 86 millions of miles during 
February. Mars sets about 22h 25m 
during the month and has an apparent 
eastward movement through Pisces into 
Aries, but will not be close to any 
bright star. Its stellar magnitude varies 
from 1:2 to 1:4, largely owing to its 
distance from the earth increasing from 
156 to 175 millions of miles during the 
month. Jupiter sets at 7h, 6h and Sh on 
Feb. 1, 14 and 28 respectively, and has 
an apparent westward movement in 
Gemini, its stellar magnitude varying 
rom —2-1 to —2-0, and its distance 
irom the earth from 400 to 423 millions 
of miles. Its close approach to the 
moon on the morning of Feb. 5 has 
been pointed out under conjunctions. 
Saturn rises at Ih 55m, th 05m and Oh 
l0m at the beginning, middle and end 
of February respectively. It has an 
apparent movement towards y Librae, 
but at the end of the month it is 
Stationary after which its motion is 
westward. Its stellar magnitude varies 
from 0-7 to about 0°65 owing to its dis- 
lance from the earth decreasing from 
29 to 887 millions of miles. 

Amongst the constellations that are 
conspicuous at this time is Leo the 
Lion, which is easily identified because 
itis shaped like a sickle and this name 
Is frequently given to the constellation. 
A line through « and % Ursae Majoris 
Passes through this constellation, and 
the brightest star in it, which is called 

egulus, has a faint companion of 
Magnitude 8-5 which can be seen with 


a 3-inch telescope or even one of 
smaller aperture. This is a test for 
amateurs with small telescopes and as 
the companion is 3’ distant from 
Regulus—about one-tenth the moon's 
| it is not obscured by the 
light of Regulus. Another very faint 
companion about 3” distant cannot be 
observed with a small telescope. The 
second star above Regulus, Leonis, 
has a greenish-red companion, magni- 
tude 3-5, distant 3:6”. Struve once said 
that this was the most beautiful star in 
the northern heavens. 





The June Conference on Automatic 
Factories 

In our Progress of Science note on the 
Automatic Factory (December 1954, 
p. 475) we referred to the conference 
which the Institution of Production 
Engineers is holding in June 1955. 
The institution’s address was. then 
erroneously given; the correct address 
is 10 Chesterfield Street, London, W.1. 


Encouragement of Higher Technological 
Education in Technical Colleges 


Special grant regulations designed to 
encourage higher technological educa- 
tion in appropriate technical colleges 
were announced by the Ministry of 
Education in 1952. Under this scheme 
the Ministry was prepared to meet 75: 
of the expenditure incurred by colleges 
providing higher technological courses 
of benefit to industry. This Advanced 
Technology Grant is considerably 
higher than the rate of grant ordinarily 
provided by the Ministry of Education 
to technical colleges. 

The Minister of Education stated in 
the House of Commons on December 
14 that ninety technical colleges had 
asked for the special grant; sixty-three 
had not qualified for it, and the requests 
of three colleges were still under con- 
sideration. He gave the following list 
of colleges whose courses have been 
approved for the purpose of the 
Advanced Technology Grant: 

Acton Technical College, Middlesex; 
Birmingham College of Technology; 
Bradford Technical College; Brighton 
Technical College; Cardiff College of 
Technology and Commerce; Glamorgan 
Technical College, Treforest; Hudders- 
field Technical College; Leicester Col- 
lege of Technology and Commerce; 
Liverpool College of Building; Man- 
chester College of Technology; Notting- 
ham and District Technical College; 
Salford, Royal Technical College; Stoke- 
on-Trent, North Staffordshire Technical 
College; Sunderland Technical College; 
Rugby College of Technology and Arts; 
West Ham College of Technology. 

Seven colleges in London have also 
been approved under this scheme; they 
are: Battersea Polytechnic; Lambeth, 
Brixton L.C.C. School of Building; 
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Chelsea Polytechnic; Finsbury, North- 
ampton Polytechnic; Islington, Northern 
Polytechnic; St. Marylebone, The Poly- 
technic; City, Sir John Cass College; 
Woolwich Polytechnic. 


Baird & Tatlock: New Offices at 

Manchester 
Baird & Tatlock (London) Ltd. opened 
new offices and showrooms on January 
10 at 58 Lever Street. Manchester 
(Tel: Central 0937/8). This fulfils an 
increasing need to cater for the new 
and expanding laboratories in the north 
of England and to give better service to 
customers in that region. Manchester 
now has its first showroom covering a 
comprehensive range of scientific instru- 
ments, apparatus, laboratory fittings 
and chemicals to be opened in Man- 
chester. 

Apparatus, instruments and chemicals 
from Baird & Tatlock and its subsidiary 
companies, Hopkin & Williams Ltd. 
and W. B. Nicolson Ltd., will be on 


view. 


Progress in Tuberculosis Treatment 


Ultimately the control of tuberculosis will 
depend upon the application of ‘social 
engineering’ to the problem, meanwhile 
research is proceeding on a wide front in 
many parts of the world. The current 
number of the British Medical Bulletin* is 
devoted to a survey of recent work on the 
subject, with special reference to the con- 
tributions made in this country. 

The breadth of the research front can be 
seen from the table of contents which 
includes, studies of the social aspects of 
the disease (such as Grenville-Mather’s on 
the tuberculous patient in industry, and 
Cochrane’s paper on mass radiography as 
a tool for detecting the incidence of tuber- 
culosis in a community), studies in experi- 
mental pathology such as those of 
Mackeness and of Rees, and a paper by 
Mitchison on the problems of drug 
resistance, as well as papers on the clinical 
and therapeutic aspects of the disease. 

One of the most interesting articles in 
the issue is that by Wallace-Fox entitled: 
**Recent developments in controlled trials 
in pulmonary tuberculosis.’ In this paper 
he reviews the design and administration 
of the trials of chemotherapeutic agents 
which have been organised during the last 
few years by the Medical Research Council 
in this country, and by the Veterans’ 
Administration in the United States. The 
novel feature of these trials has been the 
fact that large numbers of hospitals 
scattered throughout the countries con- 
cerned have co-operated, the data being 
collected and analysed centrally. In the 
M.R.C. trials an admirable arrangement 
was adopted whereby statisticians were 
called into consultation from the first 
Stages of planning. The administration of 
* British Medical Bulletin Vol. 10, No. 2, 1954. 


160 pp. 15s. Medical oe ane British Council, 
65 Davies Street, London, 








such trials is difficult, and co-operating 
clinicians and pathologists have to give up 
a lot of time to making the plan work. 
When, as in the M.R.C. isoniazid trial, a 
continual review of the trial is made by 
the central analysis of monthly progress 
reports on each patient, the amount of 
work involved must be enormous. In 
addition to the central organisation for 
collecting and analysing the data some 
trials have involved the setting up of 
central radiological and bacteriological 
units. The advantage of these facilities is 
that blind readings of X-ray films and 
drug sensitivities of infecting organisms 
can be made with a consequent increase 
in the reliability of the data. 

These trials, although expensive and 
time-consuming, have given’ valuable 
information and have given it quickly. 
They constitute a major advance in 
methods for assessing the efficacy of 
therapeutic agents, and we may expect to 
see the techniques applied in fields other 
than tuberculosis in the near future. It is 
therefore important that we should be 
aware of the dangers inherent in such 
large scale co-operative trials. Because of 
the large number of cases in the series and 
the eminence of the co-ordinating bodies 
there is a tendancy for what are provi- 
sional assessments to be taken as ex 
cathedra statements by the lay press and 
even by practising physicians and sur- 
geons. It is of the utmost importance that 
such trials should be continued for a 
sufficient length of time. The large num- 
ber of cases will not control errors arising 
from premature assessment, and in view 
of the weight carried by reports of large- 
scale trials, it may be very difficult to 
subvert erroneous conclusions by any- 
thing less than another trial on the same 
scale. The standardisation of data must 
be a constant problem in all co-operative 
trials where clinics and laboratories of 
different status are involved, and for 
certain purposes small-scale trials involv- 
ing a single institution where techniques 
can be rigidly standardised will be 
preferable. 


Atomic Energy in India 

The Government of India is creating a 
separate Department of Atomic Energy 
under the direct charge of the Prime 
Minister, Mr. Nehru. Dr. H. J. Bhabha, 
Chairman of the Atomic Energy Com- 
mission, will function as secretary of the 
new department, which will have its head- 
quarters in Bombay and will take over 
from the Union Ministry of Natural 
Resources and Scientific Research all 
business connected with atomic energy. 


Solar Energy: An International Sym- 
posium 

An International Symposium on Applied 
Solar Energy is being held at Phoenix, 
Arizona, from November 2 until Novem- 
ber 5, 1955. In connexion with this con- 
ference Dr. MARIA TELKES, the physical 
chemist who devised a solar heat-storage 
system suitable for warming houses 


during the thirteen years she spent at 
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Massachusetts Institute of Technology, 
is working up a library of information on 
solar energy. She is compiling this 
material at the Stanford Research Insti- 
tute, Stanford, California, which has 
engaged her as a consultant. 

A native of Budapest, Dr. Telkes 
received her doctorate from Budapest 
University and was an instructor in 
physics at Budapest before going to the 
U.S.A. During World War II, while 
attached to the Office of Scientific 
Research and Development, she devised a 
solar still for life-rafts. Among her other 
achievements are a large-scale salt water 
still to produce fresh water on land and a 
solar stove for cooking. 


Science Masters’ Association Meeting 
at Newcastle 

The annual meeting of the Science 
Masters’ Association was held in King’s 
College, Newcastle upon Tyne, at the 
end of December, and was attended by 
some 400 science masters from all over 
the country. 

The President for the year was Dr. 
C. I. C. Bosanquet, Rector of the 
College. In his presidential address he 
stressed the need for returning to the 
older concept of science teaching 
embodied in the words ‘Natural 
Philosophy”. He thought that science 
teaching was on the one hand too 
specialised, and that arts teaching, on 
the other hand, neglected all contact 
with the world of Nature. He instanced 
the life of Thomas Young as that of 
one who was equally good at both 
sides, and he pleaded for a few periods 
in each school week in which a broader 
conception of science might be pre- 
sented. He also wished to inculcate in 
the young scientist a sense of responsi- 
bility. 

The same theme of the responsibility 
of the scientist recurred in the brilliant 
address by Dr. Eric James, High Master 
of the Manchester Grammar School. 
This “Science and Citizenship” lecture 
was heard by a crowded audience. He 
said that no scientist, however apparently 
useless his researches, could afford to 
ignore the effect of science on the social 
structure in which he lived, since it was 
that social structure which made his 
work possible. Although the destruc- 
tive side of science had come untor- 
tunately to the forefront, we must 
beware of defeatism, since only science 
could make life more tolerable for the 
majority of the human race. 

Dr. James expressed great concern at 
the growing shortage of scientific man- 
power. He foresaw two main conse- 
quences: first, many most desirable 
scientific advances might not take place 
if there were no scientists to develop 
them; and second, since more and more 
of the best brains went into science, 
there might be a relative lessening of 
the intellectual power available for the 
work of government and administra- 
tion; the scientist should therefore have 
an education § sufficiently broad _ to 
enable him to take over this work. 
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The more strictly scientific side of 
the meeting was catered for by three 
simultaneous lectures on each of the 
three mornings; these were given by 
members of the college staff. Notable 
among the lectures was one by Prof. 
W. E. Curtis entitled “Demonstrations 
in Optics’, which was illustrated by 
numerous experiments, beautiful both 
in a scientific and in an aesthetic sense, 

The remainder of each morning was 
occupied by visits to the college’s many 
science and engineering laboratories: 
and on two afternoons there were other 
visits to a large number of local fac- 
tories and outside laboratories. One 
visit, under the guidance of Prof. 
Hobson, was to the Marine Biological 
Laboratory at Cullercoats. 

Other visits were made to the new 
Wilton works of Imperial Chemical 
Industries, and to the anhydrite mine, 
the works and the research laboratories 
of Billingham. Among the factories 
visited were the Pyrex glass works and 
the Ediswan lamp and valve works at 
Sunderland. 

Another most interesting visit was to 
the Radiochemical Laboratory at Dur- 
ham, where very accurate quantitative 
analyses of rare gases are made. It may 
not be generally known that samples of 
gas from the upper atmosphere, taken 
by rockets in the U.S.A., are sent to 
Durham for analysis. 

Special exhibitions were staged during 
the meeting by both the Electric Lamp 
Manufacturers’ Association, and by the 
British Iron and Steel Federation; and 
among the guests were representatives 
of the Federation of British Industries, 
Imperial Chemical Industries and the 
Paris Headquarters of UNESCO. 

At the association’s annual business 
meeting, Mr. J. Wallace, of Melville 
College, Edinburgh, was elected Chair- 
man in place of Mr. R. H. Dyball, of 
the City of London School. 

The next meeting of the S.M.A. 
will take place in the Royal College 
of Science. “‘‘'— Kensington, on 
December 28-31, 1955. 


Scientists in the New Year Honours List 
Three of the scientific names at the top 
of the New Year Honours List are 
particularly well known to DISCOVERY 
readers. Two of the new knights— 
Pror. W. E. LE Gros CLARK and DR. 
O. G. SUTTON—have contributed to our 
columns, while the presidential address 
which Dr. E. D. ADRIAN (who becomes 
a baron) delivered to the British Associa- 
tion meeting at Oxford will still be 
fresh in our readers’ memories. 
+ 7. o 

Dr. ADRIAN, who has been Master of 
Trinity College, Cambridge, since 1951, 
is world-renowned for his pioneer 
researches concerned with the rhythmic 
electrical changes that occur in the 
brain. This work was fundamental to 
the development of the electro-ence- 
phalograph, which records these ‘brain 

waves’ visibly, to its present pitch of 
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DR. E. D. ADRIAN 


perfection as a practical tool that is 
widely used. His physiological researches 
brought him an F.R.S. in 1923, and the 
Nobel Prize for Physiology and 
Medicine in 1932. The rare distinction 
of the Order of Merit (there are never 
more than twenty-four O.Ms. at any 
one time) was conferred on him in 
1942. He occupied the chair of 
physiology at Cambridge University 
from 1937 to 1951. In 1950 he became 
President of the Royal Society, and last 
year saw him occupying this outstand- 
ing position simultaneously with the 
Presidency of the British Association. 
Many of his principal research papers 
have been published in the Journal of 


Physiology. His writings also include 
the following important books: The 
Basis of Sensation (1928), The 


Mechanism of Nervous Action (1932), 
and The Physical Basis of Perception 
(1947), 


* * * 


Dr. OLIVER GRAHAM SUTTON has 
been Director of the Meteorological 
Office since 1953. His career is 
remarkable for the great variety of 
posts which he has held, and that 
variety is an index of his versatility. 
His first post after he had taken degrees 
at the University College of Wales, 
Aberystwyth, and then at Oxford (as a 
scholar of Jesus College), was a lec- 
turership at Aberystwyth (1926-8). He 
then joined the Meteorological Office, 
remaining there until 1941. In the fol- 
lowing year he was appointed Superin- 
tendent of Research at the Chemical 
Defence Experimental Establishment, 
Porton. His next post was Superinten- 
dent of Tank Armament Research 
(1943-5), and he then transferred to the 
Radar Research and Development 
Establishment at Malvern concerned 
with army radar, where he was Chief 
Superintendent from 1945 to 1947. Inthe 
latter year he joined the Royal Military 
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SUTTON 


0.G. 


College of Science at Shrivenham, and 

in 1952 he was appointed Dean of the 

college, who is the head of the academic 

side of Shrivenham. On leaving the 

Royal Military College he returned to 

the Meteorological Office as its Director. 
x * * 

PROF. WILFRID EDWARD LE Gros 
CLARK is recognised all over the world 
as an authority on man and his early 
ancestors. He qualified as a doctor, 
and during the First World War he 
served as a captain in the Royal Army 
Medical Corps. He then became prin- 
cipal medical officer in Sarawak. He 
was successively Professor of Anatomy 
at Bart’s Hospital and St. Thomas’s 
Hospital. In 1934 he moved to Oxford 
to become the university’s Professor of 
Anatomy, a post which he has held 
ever since. His books include Early 
Forerunners of Man (1934), History of 
the Primates (a Natural History Museum 
publication — originally published in 
1949, which has just reappeared in its 
fourth edition) and The Tissues of the 
Body (1939). 

* x ~ 

Among the new C.Bs. is G. R. D. 
Hocc, Under-Secretary in the D.S.I.R. 
The Chief Scientist at the Ministry of 
Supply, Dr. O. H. WANSBROUGH-JONES, 
becomes a K.B.E. 


Among the list of C.B.Es. are in- 
cluded the following: C. S. BRYANT, 
lately Director otf Materials and 


Explosives Research and Development, 
Ministry of Supply; M. W. GOLDBLATT, 
Director of the Industrial Hygiene 
Research Laboratories of I.C.1.; F. S. 
RUSSELL, Director of the Plymouth 
Laboratory of the Marine Biological 
Association; D. A. SHIRLAW, Director 
of Administration and Accounts, 
Atomic Energy Authority; C. H. SMITH, 
Professor of Instrument Technology, 
Royal Military College of Science, 
Shrivenham. 
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PROF. W.E. LE GROS CLARK 


The Colonial Office section of the 
Honours List includes the names of R. 
LEWTHWAITE, Director of Colonial 
Medical Research, and O. OPPENHEIM, 
Professor of Mathematics at the 
University of Malaya. 

A number of scientific and technical 
people have been given O.B.Es. They 
include: W. H. Evans, a Principal 
Scientific Officer with the Safety in 
Mines Research Establishment, Ministry 
of Fuel and Power; F. A. GouLpD, lately 
Senior Principal Scientific Officer at the 
National Physical Laboratory; A. S. 
HARTSHORN, who was till recently the 
scientific attaché at the British Embassy 
in Paris (and who is now on the staff 
of the R.A.E., Farnborough); A. T. 
HORTON, a Principal Scientific Officer 
in the Ministry of Defence; L. 
HowartH, Professor of Applied Mathe- 
matics at Bristol University: H. J. 
JONES, Technical Consultant to Heming- 
way & Co.; G. M. MORANT, a scientist 
with the R.A.F. Institute of Aviation 
Medicine, Farnborough; E. L. RIPLEy, 
a P.S.O. in the structures department of 
the Ministry of Supply; J. SHACKLETON, 
Superintendent of Design Engineering, 
Atomic Energy Authority; N. H. A. 


WARREN, Senior Principal Scientific 
Officer with the Admiralty Gunnery 
Establishment, Portland; E. S. WILL- 
BOURN, Deputy Director. Colonial 


Geological Surveys. 

Mr. W. F. GRIMES, the archaeologist. 
who is Director of the London Museum 
and who was responsible for the 
excavation last year of the Temple of 
Mithras, received a C.B.E. An O.B.E. 
has gone to M. G. F. VENTRIS for his 
recent discoveries concerned’ with 
Mycenaean paleography. 


Nuffield Foundation Awards in 
Sociology and Biology 

The Nuffield Foundation initiated in 

1951 two unusual schemes for degree 











has 
succeeded Dr. E. D. Adrian, O.M., P.R.S., 


Sir Robert Robinson, O.M., F.R.S.., 
as president of the British Association. Sir 
Robert Robinson, who is a Nobel prizewinner, 
is the Waynflete Professor of Chemistry, 
Oxford University, and is regarded as one 
of the greatest organic chemists alive today. 


or postgraduate training in biology and 


sociology. The biology awards are 
intended for graduates in _ physics, 
chemistry, mathematics or engineering, 


and the sociology awards for graduates 
in the natural sciences and the humani- 
ties. The purpose is to attract into, and 
train for, these subjects a few graduates 
who already have the advantage of 
having followed other disciplines. 

The Foundation’s offer of these 
scholarships is being repeated this year, 
and readers will find some further in- 
formation in our advertising columns. 
The application forms are obtainable 
immediately from the Director of the 
Nuffield Foundation, Nuffield Lodge, 
Regent’s Park, London, N.W.1. 


American Research Fellowships 

Five young British scientists have been 
awarded research fellowships tenable in 
American institutions under a technical 
assistance programme sponsored by the 
U.S. Foreign Operations Administra- 
tion. The awards were made by the 
National Academy of Sciences, Wash- 
ington, on the nomination of the Royal 
Society. The scientists are: 

Mr. GEOFFREY V. CHESTER, scientific 
officer, Radar Research Establishment 
(Ministry of Supply), to work at Yale 
University, Connecticut, under Prof. 
J. G. Kirkwood, in the field of statis- 
tical mechanics and in particular on the 
molecular theory of fluids. 

Dr. RICHARD A. GIBBONS, research 
assistant, Department of Biochemistry, 
the Lister Institute of Preventive Medi- 


cine, London, to work at Ohio State 
University, Columbus, Ohio, under 
Prof. M. L. Wolfrom on problems in 


connexion with the human blood group 
substances. 
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Mr. 
student 


CHARLES G. JAMES, research 
in Department of Physical 
Chemistry, Cambridge, to work in the 
University of California, Berkeley, 
under Prof. Leo Brewer, in the general 
field of high-temperature  thermo- 
chemistry and flame equilibria. 

Mr. IAN M. MILLS, research student 
in Department of Chemistry, Oxford, 
to carry out research in infra-red spectra 
at the University of Minnesota, under 
Prot. Bryce Crawford, Jr. 

Dr. GoRDON L. SQuiRES, a senior re- 
search Fellow at the Atomic Energy 
Research Establishment, Harwell, to 
work under Dr. Robert Oppenheimer 
at the Institute for Advanced Study, 
Princeton, New Jersey, for about three 
months and then under Drs. John and 
Leona Marshall in the Institute for 
Nuclear Studies of the University of 
Chicago, to do experiments in meson 
physics. 

This brings to sixteen the number of 
awards to candidates from the United 
Kingdom in a programme which was 
instituted in 1953 and is intended to 
enable some 150 outstanding young 
scientists from the fourteen Western 
European countries to carry out 
advanced study for up to two years at 
American universities and research in- 
stitutions. The programme has now 
been extended for Britain by the pro- 
vision of thirty-five more fellowships 
which will be tenable up to June 30, 
1957. 


Harwell Isotope School 


The Harwell Isotope School, which 
since it was founded in 1951 has had 
329 students from twenty-nine different 
countries, is now preparing its pro- 
gramme for the forthcoming year. 

Training 1s given at this school in the 
applications of radioactive materials in 
research and industry and in the tech- 
niques of producing, measuring and 
handling such materials. 

Countries besides the United King- 
dom from which students have already 
been trained are Australia, South Africa, 
Argentine, Austria, Belgium, Brazil, 
Chile, Denmark, Egypt, Finland, France, 
Germany, Greece, Holland, India, Ire- 
land, Israel, Italy, Lebanon, Norway, 
Pakistan, Portugal, Spain, Sweden, 
Switzerland, Turkey, U.S.A. and Yugo- 
slavia. 


Atomic Energy Appointments 

Mr. Eric H. UNDERWOOD, O.B.E., has 
been appointed Director of Public Re- 
lations to the United Kingdom Atomic 
Energy Authority. 

Mr. Underwood, who is forty-one 
years of age, was educated at Dulwich 
College. He goes to the Authority from 
the Central Office of Information where 
he was Director of Photographs Divi- 
sion and, earlier, chief editor of over- 
seas magazines. He joined the C.O.I. in 
1949 from the Foreign Office, where he 
was Head of German _ Information 
Department. 
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Mr. STANLEY WHITE, who has looked 
after Press matters connected with 
atomic energy for a long time, js 
appointed Press Officer to the Authority, 


A Pioneer of Prestige Advertising 


The retirement of Mr. Sidney Rogerson 
from the post of Publicity Controller of 
Imperial Chemical Industries provides 
an occasion to recall the revolutionary 
‘prestige advertising’ which he pioneered. 
It was in 1941 that the first series of 
these advertisements was launched. This 
was entitled “Aspects of an Industry”, 
and it made the British public aware of 
the basic importance of the country’s 
chemical industry. This broad theme 
typified the new approach. Similar 
series dealing with scientific. and tech- 
nological topics of wide interest fol- 
lowed, and established a taste for this 
type of advertising which other firms 
have emulated. Science masters have 
found these series of value for teaching 
purposes, and today about a thousand 
schools now receive reprints of these 
prestige advertisements. 

Mr. Rogerson’s retirement comes 
after twenty-four years with I.C.I. His 
successor is Mr. B. W. Galvin Wright. 


The Nuffield Foundation’s Annual 
Report 


The Nuffield Foundation has published 
its ordinary annual report for the year 
ended March 31, 1954, and a full report 
on grants made during the ten years 
1943-53. In the eleven years since it 
was established by Lord Nuffield in 
1943 and endowed with shares to a 
value of £10 million, the Foundation 
has allocated grants to a total of over 
£5 million. 

For its next five-year programme the 
Foundation will continue its support of 
research in the United Kingdom in 
science, medicine and technology. 


Medicine and Science 


Amongst the Foundation’s special in- 
terests in medicine are the investigation 
of the chronic rheumatic diseases and 
investigation into the causes of those 
mental and physical defects which 
throw so heavy a burden on the family 
and the community. 

The Foundation’s principal interest in 
science will continue to be fundamental 
biological research. 

Technology 

The report states: 

“Although it is widely recognised 
that this country needs the aid of science 
not only for the business of living but 
more urgently for the all-important 
business of making a living against 
sharpening competition, the most ap- 
propriate way of increasing the supply 
and use of scientists is differently 
debated. The problem, perhaps, is not 
simply the shortage of scientists, but 
the more general shortage of able per- 
sons. In this country, traditionally, 
large numbers of those deemed at 
schools and universities to be the ablest 
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have tended to look to the professions 
or public administration to absorb and 
respectably reward talents suitably 
trained in the humanities. The change 
which needs to be engineered is, there- 
fore, at least in part, social.” 
. The Foundation records its readiness 
to take an interest in this subject—a 
readiness which extends to the equally 
hampering and serious shortage otf 
teachers of science in schools. 
Other Grants in the United Kingdom 
The Foundation has set aside £15,000 


over two years to cover the cost of an 


independent study of the impact of 
television on children and young people 
(pp. 66-8). 

At University College, London, 
£7700 over five years is to be used for 
a study of skill in heavy manual tasks. 
A machine will be constructed to 
present the task to the worker and to 
analyse his performance (pp. 68-9). 

Care of Old People 


A grant of £9000 has been made to 
the Department of Psychology at the 
University of Bristol for field experi- 
ments on the employment of elderly 


workers. Cowley Road _ Hospital, 
Oxford, is to receive a grant of £5250 


for a study of mental deterioration of 
the elderly; and Sunderland General 
Hospital a grant of £7500, which will 
be used to investigate the physiological 
and pathological changes in the aged 
and ageing, and particularly their effects 
on kidneys, heart and cerebral circula- 
tion (pp. 74-6). 

Grants in the Commonwealth Overseas 


A grant of £1800 has been made to 
support further Dr. D. F. Thomson's 
anthropological studies of the aborigines 
in the Northern Territory of Australia, 
where the discovery and working of 
uranium deposits and the preparation 
of an extensive development programme 
by the Australian Government have 
made it an urgent task to record what 
can still be obtained from tribes which 
are rapidly disintegrating and about 
cultures which are fast disappearing. 


LCI. to Extend Higher Alcohols Plant 
LC.l. have decided to expand their 
plant at Billingham, County Durham, 
for the manufacture of higher alcohols 
by the carbonylation process. The Bil- 
lingham plant is the only one operating 
this process in the U.K. When the 
extensions are completed, it will be the 
largest in the world, with a potential 
capacity of 40.000 tons of products per 
year, valued at more than £5 million. 

The carbonylation process converts 
dlefines from oil-cracking into alcohols 
by reaction at high pressure with 
carbon monoxide and hydrogen. Among 
the alcohols made on this plant are 
‘Alphanol’ 79 and Nonanol. These are 
the basis of plasticisers used throughout 
the plastics industry with P.V.C. and 
Similar materials. 

The process also yields butanol and 
iso-butanol, which are used as solvents, 
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LETTER TO THE EDITOR 





The Scientist’s Pay Packet 


Sir: 

May I congratulate you on your note 
in the December Discovery headed 
“The Scientist's Pay Packet’. This says 
forcefully a number of things that can- 
not be said too often in relation to the 
reward given to scientists. 

The Scientific Officer Class of the 
Civil Service is open, for practical pur- 
poses, only to those scientists who have 
secured a first-class or good second- 
class honours degree. The reward for 
that is the following set of salary scales: 


Min. Max. 

Scientific Officer £49? 10s. £885 
Senior Scientific 

Officer £1010 £1185 
Principal Scientific 

Officer _ £1185 £1570 
Senior Principal 

Scientific Officer £1700 £1950 

Whether such salaries are adequate 


or inadequate it is always very difficult 
to say because there is no simple way of 
deciding what is the right salary scale 
for this or that occupation, save in rela- 
tion to some other occupation. In the 
Civil Service a parallel is very readily 
provided. It is the Administrative Class. 
That class is recruited from university 
graduates of first- and second-class 
honours standard. The class is not 
wholly made up of direct entrants but, 
as to some 50°, is recruited from 
promotion from other Civil Service 
classes on the basis of their experience 
and not on the basis of their academic 
qualifications. 

On the face of it, it would seem that 
the Scientific Officer might reasonably 
be given a similar career to that of the 
Administrative Officer, but that is not 
what happens. On the basis of calcula- 
tions made by our Institution recently, 
an average career in the Administrative 
Class as compared with an average 


career in the Scientific Officer Class 
showed that the Administrative Officer 
would, in the course of that career, re- 
ceive no less than £14,000 more than 
the Scientific Officer. Such a position 
seems untenable. 

A university entrant to the Adminis- 
trative Class is virtually guaranteed 
promotion to the Principal grade with 
a minimum salary of £1180 by age 30. 
Scientists entering the Scientific Officer 
Class will not get to this level until, on 
the average, he is 36 years of age But 
taking the actual position in the Scien- 
tific Officer Class on July 1, 1952, it is a 
fact that no fewer than 19-9°, of the 
Senior Scientific Officers were over age 
36 and they. at least. were going to get 
less than the assumed promotion to the 
Principal Scientific Officer grade. 

It seems to the Institution that the 
only way of dealing with this problem 
is for the Government to take quite 
firmly the line that it will set the 
example of ensuring that scientists are 
no less well remunerated than adminis- 
trators and that it will go out of its way 
to ensure that scientists are provided 
with approximately the same kind of 
career as administrators. So long as the 
Government fails to do this, so long 
will there be an ample supply of 
administrators and an inadequate supply 
of scientists. It is to this end that the 
Institution has presented its evidence to 
the Royal Commission on the Civil 
Service which is sitting under the chair- 
manship of Sir Raymond Priestley. 

Yours faithfully, 
STANLEY MAYNE. 
General Secretary. 


The Institution of Professional 
Civil Servants, 

Queen Anne's Chambers, 

28 Broadway, 

London, S.W.1. 





principally in paint manufacture. 

Consumption of these products 
exceeds home _ production, and _ the 
extensions will make unnecessary the 
importation of large quantities, or of 
substitutes, from Germany and_ the 
U.S.A. I.C.I. plan to export a substan- 
tial proportion of the output. 


Among the olefines processed is 
propylene gas, derived from the oil- 
cracking plant at Wilton, in north 


Yorkshire, which is also being extended. 
This gas is piped under the River Tees 
from Wilton to Billingham. 


Mond Nickel Fellowships 1954 

The Mond Nickel Fellowships Com- 
mittee announces the following awards 
for 1954: 

M. BROWNLEE (Dorman, Long & Co. 
Ltd., Redcar). To study British, Con- 
tinental and American hot and cold 
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metal basic open hearth steel-making 
with particular reference to furnace 
design and construction and factors 
affecting ingot quality. 

R. D. BUTLER (Imperial Chemical 


Industries Ltd., Liverpool). To study 
mineral dressing practice in Great 
Britain, on the Continent and in the 


U.S.A. and Canada, with particular 
reference to the design, layout and 
operation of small-scale mills. 

F. B. Peacock (Dorman, Long & Co. 
Ltd., Middlesbrough). To study rolling 
mill operation and maintenance, with 
particular reference to soaking pits. 
blooming mills and the production of 
— beams, structural sections and 
rails. 

A. M. SaGe (British Iron and Steel 
Research Association, London). To 
study the manufacture and fabrication 
of structural steels in the United King- 
dom, Europe, U.S.A. and Canada. 








THE BOOKSHELF 





A History of Technology 


Edited by Charles Singer, E. J. Holm- 
yard and A. R. Hall. Vol. I, From 
Early Times to Fall of Ancient 
Empires, c. 500 B.c. (London, Oxford 
University Press, 1954, 827 pp, 147s.) 


The History of Technology, of which 


the volume here reviewed is the first of 


five. will mark an epoch in the study of 
the subject. It is designed to cover the 
period from the Old Stone Age to the 
later 19th century. The names of the 
editors are a guarantee of its scholarly 
quality, and those of its contributors, 
acknowledged authorities in their chosen 
field, assure us of its accuracy. There 
have, of course, been many studies of 
single aspects of technology over shorter 
periods, some of them of great merit 
and having all that the scholar seeks: 
there has, however, never been any work 
of the comprehensive character pro- 
jected for the present History. 

This, the first volume, may come as 
something of a surprise to those who have 
awaited the work. We tend to think of 
technology in terms of machinery, but 
the editors have rightly looked back to 
the beginnings of man’s dealings with 
matter. and have devoted the greater 
part of this volume to the skills and 
crafts of man before the beginning of 
civilisation. The reading of the book 
is enough to prove the wisdom of this 
plan, for from it there emerges a new 
vision of man overcoming the gigantic 
difficulties of those cast loose upon an 
unfriendly world with few resources but 
the human intelligence. Indeed the 
book makes most of the writings on 
the history of technology seem incom- 
plete and out of perspective. 

The contents of the book are grouped 
into seven parts. First come chapters 
on the basic social factors, skill, the 
forms of society, the nature of dis- 
covery and invention, speech and lan- 
guage, and primitive time-reckoning. 
Thenceforward the book proceeds by 
advances in 


stages corresponding to | 
culture, dealing with the technologies 
of the food-collecting stage. then 


domestic activities, then the beginnings 
of specialised industries, the utilisation 
of metals. and transport. It ends with 
a section on the preparation for science, 
dealing with recording and _ writing, 
measures and weights, ancient mathe- 
matics and astronomy. The reader, who 
is not presumed to move with ease in 
the field of pre-history, 1s aided by a 
particularly admirable series of chrono- 
logical tables and maps. 

The volume contains 570 illustrations 
and 36 plates and the former deserve 
special praise. The editors wisely 
decided to have all these illustrations 
drawn or redrawn in black and white, 
and they have been very fortunate in 
their chief artist, Mr. D. E. Woodall. 
The drawings are models of clarity and 


in most cases show much more than 
could any kind of photographic repro- 
duction. Many indeed are to be 
thought of not as merely informative 
but as works of art in their own right. 
The plates, if less exceptional, are fine 
examples of photography and reproduc- 
tion. 

The editors must have found it a 
hard task to decide how much should 
be inserted in each volume. It was 
quite impossible to be comprehensive. 
Thus Prof. J. R. Partington’s History 
of Applied Chemistry covering, it 1s 
true. five centuries more, is not much 
shorter than the whole volume. Even 
having regard to limitations of length, 
it was possible to make the book a 
close-packed mass of fact and reference. 
or to make it something that could be 
read. They chose the latter course, 
giving sufficient references to enable 
any subject to be pursued to the extent 
that the student desires. There is a 
refreshing absence of political theory: 
we are glad to find that Stone-Age man 
is not being used to substantiate or 
attack the theories of Marx. 

It will be interesting to see how far 
this readable quality can be carried 
through successive volumes. Unless art 
has concealed art, it would not seem too 
difficult to set out the techniques of 
Stone-Age man in a simple and attrac- 
tive manner. Whether the same will be 
possible for the intricacies of the tex- 
tile machinery of the Industrial Revolu- 
tion, | am not sure. 

The various chapters naturally dis- 
play the individuality of their authors. 
but it would seem that the editors have 
been very much more than figureheads. 
There is a consistency and continuity in 


presentation too often absent from 
composite productions. It would be 
invidious to single out any of these 
chapters for praise: it is indeed the 
uniformly high standard’ that we 
remark. 


The book has the excellencies of pro- 
duction and the accuracy of correction 
that we expect from the Oxford Press. 
As to the accuracy of fact. it must of 
course be said that many matters 
asserted concerning this early period, of 
which records are so few. are contro- 
versial or in doubt. but in the fields 
with which the reviewer is specially 
acquainted he was unable to find any 
assertion which he did not think could 
be supported by argument. Indeed the 
only error to which he would draw 
attention is that the description of the 
transport of a winged bull statue on 
page 710 does not seem to refer to Fig. 
283 which is cited, but to another and 
similar relief. 

Finally, mention should be made of 
the four indices of personal names, 
place-names, plant-names and subjects, 
which are essential to the book’s use 
as a work of reference. It is a pity that 
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the price of the volume is_ seven 
guineas, which must mean that most of 
us will have to be content to consult it 
in libraries, but anyone who is con- 
cerned with a large library today knows 
only too well that this is what we now 
have to pay for books of this kind. 
And indeed we are getting the book for 
less than its true cost, for it has been 
heavily endowed by that public-spirited 
corporation, Imperial Chemical Indus- 
tries. In conclusion the reviewer would 
wish, while not forgetting the other 
editors, to pay a special tribute to Dr. 
Charles Singer, the father of the history 
of science in this country, and to record 
the hope that one day he will see 
Volume V upon his table. 
F. SHERWOOD TAYLOR 


Aspects of Deep Sea Biology 
By N. B. Marshall (London, Hutchin- 
son's Scientific and Technical Publi- 
cations, 1954, 380 pp., 35s.) 

Following the great voyages of deep- 
sea exploration during the last decades 
of the 19th century came a series of 
books dealing with the strange fishes 
and invertebrates found in the abyssal 
seas. Of these probably the most attrac- 
tive was La Vie au Fond des Mers by 
H. Filhol, where many of these creatures 
are well illustrated. But after these 
dramatic early discoveries progress was 
inevitably slow. the average depth of 
the oceans is some 2 where it is 
deepest Mount ed could be sub- 
merged—and rarely have adequately 
equipped vessels been available to 
dredge and trawl in such depths. Indeed 
it is only two or three years ago that 
the Danish research vessel Geleties 
dredging in great depths, captured speci- 
mens hitherto known only from the 
collections made by the Challenger 
between 1872 and 1876. 

Nevertheless there has been a steady 
accumulation of knowledge not only of 
animals on the ocean floor but also 
about those that live in the middle 
depths, the bathypelagic animals which 
are most difficult to obtain because they 
are probably widely scattered and cer- 
tainly can usually swim much faster 
than any net can be towed at such 
depths. Indeed the great squids which 
live there are best known from the 
remains found in the stomachs of sperm 
whales. Gradually, too, we are learning 
about the conditions prevailing in these 
depths, the movements of currents 
which affect temperature and oxygen 
content, the slow rain of food from 
the surface waters, and even some- 
thing about the life histories of the 
inhabitants. 

All this more recent knowledge is 
brought together most admirably by 
Mr. Marshall in this book, extracts 
of which have already appeared in 
Discovery. He _ considers deep-sea 
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CHAPMAN & HALL 


Just Published 
INTRODUCTION TO 
ATOMIC AND NUCLEAR PHYSICS 


by Henry Semat, PH.D. 


Third Edition, Revised and Enlarged 
576 pages Illustrated SOs. net 





ee 

The aim of this work is to present the important experimental data upon which our present 

ideas of the structure of the atom are based. In this new edition the major revisions have been 

made to the section on nuclear physics, the data have been corrected and brought up to date 
and many of the topics have been given more extensive treatment. 


ASIA 


EAST BY SOUTH 


A Cultural Geography 
by Joseph E. Spencer 


(Professor of Geography, University of California) 
113” x8}" 463 pages 163 Illustrations 68s. net 
“A lucid, reliable and well-balanced introduction to the human geography of ‘Monsoon Asia’ 
. a useful addition to available geographical studies of Asia, for while there are several 
broad introductions to the whole continent and an increasing number of sound monographs on 





specific parts, there is no account in English of Monsoon Asia on this scale.” PROFESSOR 
W. G. EAST (Professor of Geography in the University of London). 





37 ESSEX STREET, LONDON, W.C.2 
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ORIGIN AND DISTRIBUTION 
OF THE BRITISH FLORA 

J. R. Matthews 
A study of the origin and geographical relationships 
of our native flora which examines not only the 


present-day distribution of British plants but also 
their occurrences in pre-historic times. 


Still Available: 





A HISTORY OF BIRDS 


James Fisher 
‘Almost all the information one could want about the 


place of birds in the animal kingdom is available in 
Outline in this handy little book.”’ COUNTRY LIFE 


Both volumes illustrated and 8s. 6d. net 
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The organisation and systematic treatment of this book 
have not previously been attempted at this level. Until 
now such logical discussions of the foundations of nuclear 
physics have been confined to treatises addressed to 
specialists, research workers and advanced graduate 
students. 

The subject is dealt with in a fashion appropriate to a 
vast field in an active state of change and development. 
All major recent advances form part of the contents 
of NUCLEAR PHYSICS. Topics such as the Wigner 
model, the collective model, the cloudy crystal ball 
model of nuclear scattering are discussed for the first 
time in a book of this kind. 

Three types of problems are included: 

Simple problems intended to illustrate concepts and 
relationships and to familiarise the student with the 
orders of magnitude of the physical quantities involved 
in nuclear physics; problems whose resolution will 
require the student to devote a substantial amount of 
effort and ingenuity; problems intended to compel the 
reader to refer to the periodic literature for informa- 
tion, so that he may have a knowledge of the current 
work in this rapidly growing subject. 
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animals in terms especially of the prob- 
lems that face them in their unique en- 
vironment. He is less concerned than 
earlier writers with detailed descriptions 
of animals, although seldom have the 
bizarre forms of black and silver fishes 
and of bright red prawns and sea 
spiders or special details of structure 
been better displayed than by Mrs. 
Marshall who illustrates the book. 

Excellent use is made of all available 
knowledge. The environment of un- 
changing cold and of complete or, in 
upper levels, almost complete darkness 
is described. Stomach contents of 
animals captured in dredge or trawl 
reveal something of the food chains in 
the deep seas, all ultimately dependent 
on the production of plants far over- 
head. To live, as do many bathypelagic 
animals, within a certain range of depth 
demands knowledge of the effects of 
gravity and the means to counteract 
these. This is discussed, as is the prob- 
lem of how, in utter darkness, animals 
detect their prey or, of supreme im- 
portance if the race is to survive. mem- 
bers of the opposite sex. Here comes 
consideration of eyes—typically very 
large where light is feeble but often 
reduced or absent when this disappears 
—and of the sense organs of the lateral 
line which are stimulated by vibrations 
in the water. 

Then there is the question of bio- 
luminescence, or living light, often con- 
tained within photophores which may 
be turned off and on; sometimes there 


is a reflector behind and even a lens in 


front to focus the light. The importance 
of this is certain but its precise signi- 
ficance still remains a matter of conjec- 
ture and probably varies in different 
animals. It may, for instance, be used 
to illuminate food, to lure prey, to 
attract members of the opposite sex, or 
to frustrate a pursuer by sudden ejec- 
tion of a luminous cloud. 

What vertical movements are made 
in these great depths? The recent revela- 
tion by the echo-sounder of a ‘deep- 
scattering layer’ which ascends and 
descends diurnally may indicate popu- 
lations of deep-sea shrimps or, as Mr. 
Marshall thinks, of fishes. Some deep- 
sea animals make great movements 
during their lives, the eggs and young 
Stages rising towards the surface and 
being there carried for great distances 
before descending for adult life in deep 
water. Others spend their entire lives 
in the depths. 

While so much does remain to be dis- 
covered about deep-sea animals. yet 
already from Mr. Marshall’s timely and 
most attractive book the reader can 
begin to visualise how life must be 
passed in the remote depths of the 
ocean. C. M. YONGE 


Electromagnetic Waves 
By Sir John Townsend, F.R.S. (London, 
Hutchinson's Scientific & Technical 
Publications, 1954, 60 pp., 6s.) 

This is a little book within reach of every- 


FEBRUARY 1955 DISCOVERY 


One’s purse and ought to be read. It is not 
an easy book, dealing as it does with 
fundamentals, but it is important for any- 
one who wants to know what sort of 
argument is used by original thinkers on 
problems of physics. 

Briefly, Sir John argues that the Maxwell 
equations leading to. electromagnetic 
waves are not entirely satisfactory. He 
further argues that the waves are similar 
to waves in gases and that, in fact, the 
aether is a gas. He even gives the velocity 
of the particles of this aether, viz. 4-3 x 10 
centimetres per second. He arrives at this 
after a sequence of argument that starts 
from the simple theory of the electric force 
due to an oscillating current in a small 
element of a straight line. 

It may be that there are weaknesses in 
the author’s argument, only to be dis- 
covered by physicists completely familiar 
with this aspect of electromagnetic theory; 
on the other hand there may be no weak- 
nesses at all. Either way, this little book 
by a pioneer of physics deserves close 
attention, and if Sir John’s argument is 
right, a certain amount of textbook stuff 
will need to be rewritten. L. BOLTZ 


Science and Social Action 

By W. J. H. Sprott (London, 

1954, 164 pp., 15s.) 
“The changes in the cognitive field 
obviously tend to change the relevance of 
certain moral precepts,’ Professor Sprott 
admits cautiously. Yet this book, the 
title of which suggests the discussion of 
this very subject, concerns itself with other 

matters. Professor Sprott does not write 
about the relationship between the posi- 
tive norms of science and the normative 
control of social action. He surveys some 
of the most talked-of issues of contem- 
porary sociology, such as the scope and 
essential topics of sociology, culture and 
personality, the small group, assimilation, 
deviance, and a number of other problems. 
No one may complain of the abstruseness 
of sociological thought when reading this 
volume. There is a refreshing informality 
in his presentation of a subject matter 
which rarely receives such a lucid treat- 
ment as this. One is particularly attracted 
by the author’s humility which prompts 
him to say “I don’t know the answer to 
this’’ when others would rush in with 
presumptious hypotheses. At times his 
mellow reserve verges On scepticism when, 
for instance, he refuses to accept the 
integration theory as proved. This is so 
much the more surprising as elsewhere 
(p. 138), he concedes that there are 
‘“*psychophysiological imperatives’’ which 
must be obeyed. Indeed we don’t know 
what sort of integration is imperative to 
the community and he is right in demand- 
ing more research in this area. Yet one 
cannot help wondering whether his con- 
clusion is not unnecessarily overcautious? 
‘‘“And now, at the end of it all, we must 
ask whether we are on a wild-goose chase. 
This I think, is a question which cannot 
be answered yet....’’ Surely, the social 
needs of man dictate that we should not 
hesitate, at least here, to allow ourselves 

88 


Watts, 


the luxury of a minimum certainty. Even 
so, this work is a useful addition to 
Professor Sprott’s textbook on sociology 
and a valuable object lesson to sociologists 
on how to present their reflections attrac. 
tively and concisely. P. HALMOS 


Social Mobility in Britain 
Edited by D. V. Glass (London, Rout- 
ledge & Kegan Paul, 1954, 412 pp. 
36s.) 

We have known for some time that 
Britain’s educational system has become a 
powerful regulator of our class structure, 
It has been suspected that, even after the 
1944 Education Act, no real equality of 
educational opportunity has been created, 
The heated disputes over the compre- 
hensive school issue have shown that a 
systematic and dispassionate study of this 
whole complex is vitally necessary. 

The present work goes a long way to 
put an end to guesswork on many matters, 
The greatest single fact that emerges from 
the results of the several investigations 
reported in this volume is that our tripar- 
tite system (secondary modern—grammar 
—public schools) continues to act as an 
effective stratifier of our society and does so 
via selection methods which are by no_ 
means egalitarian. The authors who’ 
contribute to this book once again ~ 
demonstrate that the cultural advantages 
of the home, the aspirations and ambitions 
of parents for their children as well as the 
parents’ interest in the child’s progress at 
school, vary considerably according to the 
social status of the parents. The testi- 
mony of this volume will greatly help to 
dispel doubts on this matter. At the same 
time this investigation confirms that the 
planning and manipulation of an educa- | 
tional system is no ‘mere’ educational © 
matter. It is a major instrument of social 
policy, and decides *‘who gets what, when 
and how’’. The long-term implications of 
this are truly formidable. Should intelli- 
gence tests become really reliable and gain 
general acceptance, then Britain would 
move towards a new type of caste 
system which was scientifically approved. 
For this and other reasons no student of 
the sociology of education can afford to 
omit a careful study of this work. 

The general sociological importance of 
this book cannot be exaggerated: the 
study of social status and prestige in 
Britain will be greatly enriched by it. 
Apart from the chapters on education one 
may single out the following subjects for 
attention, the social grading of occupa- 
tions, the problem of self-recruitment, the 
role of marriage in social mobility, sub- 
jective social status, and the stratification 
of voluntary organisations. 

Multiple authorship in sociology only 
too often results in untidy collections of 
essays connected, at best, by desultory 
cross-references. The thirteen contribu- 
tors to this work convey their awareness 
of one another’s speciality and results to 
the reader who thereby succeeds in main- 
taining a hold on the work as a whole. 
For this, no doubt, the editor is to be 
complimented. P. HALMOS 
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